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(ABSTRACT) 

The role of engineering in the rehabilitation of the disabled has been steadily 

increasing in recent years. With the enactment of the Americans with Disabilities Act, that 

role has taken on a new level of importance. Uncomfortable with the qualitative, 

disability-oriented assessment tools of their special education, occupational and physical 

therapists, and medical teammates, engineers have come to rely more and more on their 

own quantitative assessment devices. Among these, the Available Motions Inventory 

(AMI) has shown great promise as a tool for the development of job modifications for the 

moderately disabled individual. From its seventy-one sub-tests, the AMI provides raw and 

processed data on an individual's capability to manipulate switches, orient settings, and 

demonstrate strength, as weil as perform light assembly tasks. Included in the output is a 

weighted set of scores showing the subject's strength, range of motion, and reach/reaction 

capabilities. However, the AMI has its drawbacks. The scoring algorithms can 

underestimate the capabilities of subjects who fail to perform certain tasks, and it will not 

permit recombination or selective omission of the various sub-tests. This study examined 

the feasibility of employing the AMI analysis algorithms using a spreadsheet format for the 

purpose of better analyzing the data generated by persons with limited range of motion 

disabilities. Ten Subject Matter Experts (SMEs) were asked to analyze a series of data



profiles and place the individuals described by the profiles into one of four job options. 

The data profiles are the AMI scores for individuals falling into one of three categories of 

disability: normal, hemiplegic, and limited range of motion. The jobs increase in difficulty 

from a position of non-feasible employment to employment as a pizza chef. The data 

generated were analyzed using the Sign Test. 

The results showed that a difference does exist between the current scoring system 

and the updated system in the placement of individuals. A difference between the systems 

was established for the case involving individuals with a limited range of motion. More 

importantly, the SMEs frequently chose more complex jobs for individuals with limited 

range of motion, suggesting that the new system provides a more realistic picture of this 

category of disabled persons. The results of this research permit a more effective use of 

the AMI by implementing an updated scoring system. The new system allows for several 

increased benefits during analysis. The scoring system is based on an EXCEL 

spreadsheet, thus it is operable in both the PC, Windows and Apple environments. Better 

data control and manipulation allows for better representation of an individual's 

capabilities. The system operates in the same manner as the existing system; however, the 

spreadsheet design allows for customization of the data output. Finally, it is believed that 

the use of the new system will increase the chance of job placement for severely disabled 

individuals with a limited range of motion.
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INTRODUCTION 

Rationale. 

Over the years, both qualitative and quantitative tools have been developed to 

assist the engineer in the rehabilitation field. Examples of qualitative tools include the 

Micro-TOWER Valpar Component Work Sample Series and the Wide range 

Employability Sample Test. From the quantitative spectrum there are tools such as the 

Available Motions Inventory (AMI), the Human Performance Measurement System 

(HPM), and the Baltimore Therapeutic Equipment Simulator (BTE). Malzahn (1980) 

makes the point that most methods used in rehabilitative assessment can only provide a 

qualitative description of the physical disability. In job placement or job modification; 

however, a quantitative measure of a person's physical abilities is essential. It is this 

quantitative measure of capabilities that the engineer requires in the pursuit of job design 

and modification. 

Each of the above quantitative tools has a wide variety of characteristics. The 

Human Performance Measurement (HPM) (or as it is more commonly known, the BEP, 

for Basic Elements of Performance) is a three stage testing apparatus developed at Texas 

A&M by Kondraske (1990). The stages are 1) an application-independent measurement 

laboratory, 2) a human performance database, and 3) software packages for measurement 

presentation and interpretation. Within the measurement laboratory the BEP can 

quantitatively measure such performance skills as range of motion, strength, and reaction 

time. The subject scores are then assessed using the database and representative software. 

The major advantage of this system is it is a quantitative measurement system which tests 

mental and cognitive skills in addition to strength, stability, and range of motion. 

However, there are several drawbacks to the existing BEP system. The first 

concerns the database used for the analysis of the subject's scores. The data for the BEP



are based on a normal distribution and were generated by the assessment of a college age 

population. Thus, although proponents of the BEP claim it yields high accuracy across the 

entire disabled spectrum, performance scores for the moderate-to-severely disabled subject 

are difficult to interpret. The second disadvantage concerns the delivery format of the 

subject analysis. In its current form, it is very difficult for an individual who is untrained in 

the use of or unfamiliar with the BEP to determine which data points would be useful for 

design or modification parameters. 

The second quantitative tool is the BTE. This tool was developed by Baltimore 

Therapeutic Equipment Incorporated. The BTE is a task simulator which can function 

both statically and dynamically. One of its many benefits is that it can simulate over 200 

tasks ranging from pinch grips to golf swings. Additionally, it has supplemental software 

which allows for the tracking and collection of data for a subject. However, the BTE is 

more of a work hardening system for use once an adaptation has been made. It is very 

useful in training an individual for a task but it has not, until recently, been used to provide 

input for task design. 

The final quantitative system to be discussed is the Available Motions Inventory 

developed by Wichita State University and the Cerebral Palsy Foundation of Kansas. The 

AMI is a measurement system designed for the purpose of assessing the occupationally 

related capabilities of disabled individuals to provide design data for job modification. It is 

based on three tests: controls, assembly, and reaction/reach. These three groups consist of 

71 sub-tests that measure a subject's abilities on a wide variety of tasks and then compares 

their scores to those of a "normal" population. One major advantage of this system is that 

it offers a strong comparison base to determine if a subject displays certain residual 

capabilities. The objective is to use these capabilities to make the necessary workplace 

modifications that would allow the client to become a productive member of the work



force. Another advantage is that the AMI develops scores for range of motion for the 

subject. The range of motion may include linear, planar, motion in space, and rotational 

motion. 

Unfortunately, for all its advantages, the AMI has two major deficiencies; 1) its 

scoring algorithms are based on data gathered from each and every one of the 71 sub-tests 

in a combinatorial fashion, and 2) failure to attempt a sub-test yields the same numerical 

score as failure to perform a sub-test correctly. As a consequence, subjects who are 

physically incapable of attempting certain switch settings, rates, or assemblies, receive 

much lower overall scores than their capabilities would indicate. What is lacking is a 

method of modularizing the scoring paradigm so that each individual's unique envelope of 

physical abilities can be assessed and reflected fairly in the overall score. A further 

disadvantage is the operation platform for the AMI data analysis package. This program 

was written in BASIC and operates only on older generation PC's and not in the 

WINDOWS environment. A final disadvantage of the AMI is that it simulates only 

industrial tasks and is not very useful in assessing an individual's skills on computer based 

controls. 

In the development of the AMI the scoring paradigms were not truly fair and 

accurate to all spectrums of the disabled community. As it was created to assess the 

capabilities of individuals in the light to moderately disabled realm, it tended to exclude 

severely disabled individuals from the possibility of employment. In a conversation with 

Dr. Malzahn of WSU, he acknowledged that the AMI does have its faults, however the 

intent was to correct these issues as the versions of the AMI progressed. Unfortunately, 

in the mid-80s the funding for the AMI disappeared and the research moved on to other 

areas. Thus, the AMI was left in its current format, as the system did operate in the 

prescribed manner for many of the cases on which it was applied. However, there were



changes which could be made to improve the system (Private Interview with Dr. Malzahn, 

August, 1993). 

With the enactment of the ADA and the advancements in computer and software 

there is a need for up to date quantitative assessment tools. Further, there is a need to 

investigate the possibility of adapting the AMI to deal with the severely disabled in a 

different manner, especially in dealing with range of motion disabilities. The results of this 

study will provide a variety of benefits to the rehabilitation community. First, a high 

quality system, the AMI, can be updated for use with today's computers and software by 

implementing it in a spreadsheet environment. This choice of programming environment 

also allows for the customization of the AMI to fit the user's needs. Additionally, it is 

hoped that the introduction of new decision parameters to the AMI will increase the 

probability of employment for individuals with limited range of motion disabilities. 

Experimental Objective. 

The primary impetus for this research was to provide a scoring system for the AMI 

that afforded an opportunity to correct known deficiencies of the existing AMI scoring 

system. The objective of this study was to compare the new system to the existing system 

and determine if a difference existed between the two systems in terms of placement of a 

client in a job setting. The research was especially focused on the new system's effect on 

the placement of individuals with limited range of motion disparities. In order to reach 

this objective an updated scoring system for the AMI was developed implementing a 

spreadsheet methodology for analysis.



LITERATURE REVIEW 

Defining Terms. 

Within the field of rehabilitation there are several important terms which are used. 

The three most important terms, used primarily to describe a subject's condition and skills, 

are impairment, disability, and handicap. The following definitions as stated by the World 

Health Organization will be used in this research (Kirchner, 1990). 

Impairment refers to effects of pathology upon body organs, systems, or parts. 

This term is used most often by medical professionals to describe the state of the patient's 

body with respect to the pathology of the disease/injury. Disability refers to limitations 

upon an individual's performance of tasks. This definition is often used in engineering 

because its emphasis is placed on the functional, rather than the social, consequences of 

the impairment. Handicap refers to the limitation of an individual's performance of major 

life roles, such as holding a job, parenting, or voting. It is most often used in defining the 

social framework of the individual. 

Corso (1984) differentiated between these terms by ordering them in a tiered 

manner. He set impairment as the lowest level and defined it as an unhealthy or unusual 

disturbance at the organ level which affects the functioning of a bodily system and is 

acknowledged by the experiencing person (patient). Disability is at the intermediate level 

and reflects the functional consequences of an impairment in the execution of common 

daily activities by the affected person. Handicap is at the highest level and refers to the 

social consequences of an impairment or disability in terms of how the impairment or 

disability affects the individual's life style, including work, personal relationships, and self- 

esteem. 

In so much as disability represents the functioning capabilities or limits of the 

individual, Corso (1984) believes disability is the issue which should be managed by the



rehabilitation team. Thus, engineers are concerned with emphasizing the existing abilities 

of an individual in developing adaptations or designs. Since disability refers to the 

functional limitations of the individual, it will be used in this research to define the 

individual's capabilities. 

The defining of rehabilitation engineering as a profession in 1973 and the 

enactment of the Americans with Disabilities Act (ADA) in 1992, gave new impetus to the 

engineer as a viable member of the rehabilitation community. Within the profession of 

rehabilitation, each member has a variety of tools to assist in the "treatment" of the 

individual. The physician uses medical knowledge and skills to define an impairment and 

make suggestions for coping with and defining the physical abilities of the individual. The 

social worker has a variety of checklists and questionnaires, such as Self Observation and 

Report Technique and the ADL's, which may be used in the pursuit of rehabilitation 

options for the subject. However, the tools of these professions tend to be qualitative and 

of limited value to the rehabilitation engineer. 

History 

The establishment of rehabilitation as a profession can be attributed to Dr. Samuel 

Howe of Boston who established the first formal rehabilitation program in the United 

States in 1837 (Riggar, 1985). Formed within the medical community, rehabilitation was 

both influenced and dominated by the medical profession for the next 100 years. During 

this time the general concept of rehabilitation was to diagnose the impairment and to 

decide into which institution the individual should be placed. In the 1920's, legislation was 

passed to provide monetary compensation for individuals who were disabled on the job. 

This further strengthened the medical perspective because physicians were required to 

diagnose and define the injury for the purpose of compensation. There were no defined



methods by which individuals were assessed; rather, their degree of disability was often 

based on the physician's medical opinion. 

Following World War II, the attitudes, of the professionals involved in 

rehabilitation, began to change. The returning soldiers, who had become disabled while 

defending their country, could not simply be ignored or abandoned. The trend soon 

became that of vocational rehabilitation rather than monetary compensation. Thus, 

attempts were made by both the medical and social work professions to develop tools by 

which an individual's disability could be gauged and the necessary rehabilitation steps 

could be taken. Among the tools developed during this period of time was the Activity of 

Daily Living scales, or ADL's. This tool is a series of checklists of daily activities, such as 

getting out of bed, eating, dressing, etc., that were deemed necessary skills for unattended 

or normal living. However, this and other tools developed tended to rely on the subjective 

views of the physicians or case worker. Additionally, there was little effort to recruit the 

skills of the physical scientist, such as an engineer, in the assessment and rehabilitation of 

an individual. 

As a profession, Rehabilitation Engineering has existed for many years under a 

variety of titles and guises. The Rehabilitation Engineer at many facilities was often a 

maintenance employee or engineer who had an innate interest in assisting disabled 

individuals. However, with the passage of the Rehabilitation Act of 1973, the profession 

began to take legitimate strides to become a recognized field of study. The profession of 

Rehabilitation Engineering combines elements of ergonomics, biomedical engineering, and 

vocational rehabilitation into a single field dedicated to the accommodation of the disabled 

in the workplace (Dryden, 1990).



Rehabilitation Models--Primary Focus on Engineering Models. 

In rehabilitation there are models for the assessment of individuals within each 

profession involved. The medical profession tends to take a patient-centered approach 

rather than a disease-centered approach. Consequently, the tools used by physicians tend 

to be qualitatively based on their skills and knowledge. Those involved in the social 

aspect of the profession often utilize questionnaires and charts to determine the 

capabilities of the subjects which they serve. 

In the past fifteen years several models have been developed which attempt to 

streamline the rehabilitation approach. Most of the models are multi-disciplinary in nature 

and combine the skills of the physicians, social workers, and engineers to best serve the 

interests of the subject, yet they were developed from the engineering point of view. An 

integral part of each of these models is the need for a quantitative assessment device. 

In 1980, Meier and Deivanayagam (1980) introduced a model which represented 

an "Ergonomic approach to effective employment of handicapped workers." This model 

(see Figure 1) is sub-optimal due to the time constraints used in the research to develop it. 

The first step in the model is to assess the sensory and psychomotor skills of the subject. 

These data combined with the task constraints can be used to determine the necessary 

tools and adaptations. The next step is to determine the body posture constraints and 

physical limitations of the subject. These data are then combined with available 

workspace data. This information is then coupled with the tools and job aids data to 

determine a workplace layout. Next, with the addition of limb supports, a seat and work 

surface design are developed. All of this is then linked with work organization and 

physical environment data to develop the methods and procedures to be used by the 

employee. Finally, a training program can be developed and a successful work system for 

the handicapped designed and implemented.



Meier and Deivanayagam (1980) admit that this is not the ideal sequence of events 

for the model. They suggest that all testing and measurement data should be gathered 

first. The next step would be the analysis and classification of the data. The results could 

then be used to establish the design parameters to be used in the development and 

production of accommodation aids. 

A second model is the approach used by the Wichita State University 

Rehabilitation Engineering Center (WSU-REC) discussed by Malzahn (1982). The 

process by which individuals are assessed to determine their work capabilities consists of a 

series of instruments and professional evaluations: 

1. Available Motions Inventory 

2. Keystone School Vision Screening Test 
3. Motivation Analysis Test 
4. Neuro-Psychological Evaluation including IQ 

5. Physical Therapist Evaluation 
6. COATS Evaluation System 

a. Employability Attitudes 
b. Worker Traits 

c. Job Matching 
7. Job Seeking Skills 

8. Simulated and Production Job Performance (Malzahn, 1982). 

This combination of assessment devices and instruments is used to determine the 

individual's potential for employment and simultaneously train the individual (Malzahn, 

1982). This offers the benefits of work hardening, but at the same time may affect some 

tests since training alters the physical abilities, attitudes, and skills of the subject. 

The AMI is used as both an assessment and a training tool in the job modification 

approach discussed by Malzahn (1982). The first step in the modification is to analyze the 

task requirements using the Motion Class Analysis (motion classes are discussed in the 

AMI description). The next step is to assess the subject's capabilities using the AMI.



Based on the subject scores and the Motion Class Analysis, both the training regiment and 

the necessary job modifications may become evident. 

A third strategy for the employment of a disabled individual was presented by 

Longmate and Armstrong (1982). Their method is primarily dependent on the engineer, 

yet it encompasses other professions. Figure 2 shows the model and its steps. Ergonomic 

task analysis is the basis for all subsequent steps of this method. In this step the job is © 

broken down into its functional tasks. These tasks are further differentiated into 

component physiological actions called elements. The data are used to determine the 

stressfulness of each work element which becomes the general job recommendations. 

Additionally, there should be a medical evaluation of the employee. The medical 

perspective will provide information on the etiology and prognosis of the disability 

without which the job may ofien pose further risk of injury to the employee. The next step 

is to evaluate the functional abilities or job-related, physical abilities of the worker. By 

combining the functional ability data and the ergonomic data, personal accommodations to 

the workplace can be developed. These are adaptations to the work equipment and 

environment which will make the work site more accessible to the employee. With all of 

the previous information taken into consideration, the final step is to determine if it 1s cost 

effective for the employee to be hired and placed into the job. 

Longmate and Armstrong (1980) make a valid point in the discussion of their 

model, noting that it is "important to realize that no rigid set of procedures or evaluations 

is appropriate for all individual cases." The model is nothing more than a guide for 

effective placement and may not be applicable in all situations. Thus, it is important for 

the engineer to know the specifics of the case and be able to optimize the benefits that the 

model may provide; however, he or she also needs to realize that the model may not be 

able to provide the necessary or safe solution for placement. 
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A final model for the placement of disabled individuals in the work environment 

was developed by Dryden and Kemmerling (1990). Figure 3 shows the model. The first 

step consists of parallel paths. Path one is to assess the residual abilities of the individual. 

This may include an AMI assessment, Workability, or any other assessment tool. An 

Individual Profile can be developed which defines the individuals capabilities. Path two is 

concerned with the job market. This includes determining if there is a job available for a 

disabled worker and, if so, analyzing the job for its task characteristics and requirements. 

These two paths are then combined to compare the person to the task. If there is a 

match, then the individual could be hired and begin training. In addition, any necessary 

job site accommodations may also be made. If there is no match, then a job redesign is 

considered. In the job design decision node, if a match occurs, then the next step is job 

modification based on the comparison of the person's abilities and the job tasks. Ifno 

match occurs, then individual adaptation is considered. If it is determined to be feasible to 

adapt for the individual, then the loop feeds back to the "Compare Person and Tasks" 

stage. Ifno adaptation is available, then the process is repeated for a different 

employment opportunity. 

Each of these models differ in both methodology and principle. However, they all 

contain one important fact; the need for a good quantitative assessment tool. 

Functional Assessment. 

The engineer also needs the proper tools to perform successfully in his or her 

profession. He or she is often called in at the later stages of the subject rehabilitation for 

the purpose of workplace modification. There are several approaches which may be 

taken, most of which involve the functional assessment of the individual using either 

qualitative or quantitative tools. 
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Figure 1. Meier and Deivanayagam's ergonomic approach to effective employment of 
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Figure 2. Longmate and Armstrong's strategy for employment of the disabled. 
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Functional assessment refers to the measurement of dynamic characteristics of the 

individual, including activities, skills, performances, environmental conditions, and needs 

(Frey, 1984). Initially, the early professionals involved with rehabilitation dealt only with 

the narrow, pathology oriented view of the handicapped individual; thus, the tools used for 

assessment were designed to assist in this task. As times changed and the view towards 

rehabilitation changed, so did the tools. Rehabilitation has begun to focus its attention on 

the problems associated with accessibility, functioning in a "normal" world, and adaptation 

of both consumer products and the workplace. 

Functional assessment offers a promising approach to assessing the disabled 

individual's capabilities and limitations. The information developed through the 

assessment can then be utilized to develop the rehabilitation program and to design and 

produce the necessary environmental adaptations or accommodations. It includes all 

forms of assessment, both quantitative and qualitative. The trends in assessment are 

shifting from the major rehabilitation philosophies of the 1940's, to develop diagnostic 

labels, traits, and aptitudes of a specific pathology; toward methodologies designed to 

classify and evaluate an individual's ability to perform in an environment. 

The benefits of many functional assessment devices are that they provide a fixed 

structure with which to evaluate a subject. They offer common "tests" upon which 

subjects can be compared with each other and against standards. Nevertheless, there are 

several major disadvantages to all of these methods. The first is that each profession tends 

to develop and use its own devices which makes communication and the exchange of 

information across professions difficult. Each method usually contains its own unique 

terminology and definitions for similar terms. Finally, there is a lack of comparability 

between research findings due to no common "zero point" (Frey, 1984). 
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Available Motions Inventory. 

The Available Motions Inventory (AMI) was developed at Wichita State 

University in cooperation with the Cerebral Palsy Research Foundation of Kansas (CPR) 

(Ross, 1990). The objective of the device was to quantitatively assess the occupationally 

related capabilities of individuals with physical handicaps. Malzahn (1982) states that "the 

current configuration for the AMI as a testing and evaluation system falls somewhere 

between pure anthropometric data and work samples." There are 71 sub-tests which 

encompass the AMI evaluation (see Figure 4). These sub-tests were developed by 

surveying the predominantly light manufacturing environment in the Wichita area to 

determine the task requirements (Ross, 1990). The AMI evaluates each of the sub-tests 

based on strength, accuracy, and/or rate of performance. 

The AMI assessment apparatus consists of the test frame and corresponding 

modules; a variety of assembly tests, including simple assembly and drilling; a 

reach/reaction test system; and finally, the data analysis software. These tools were 

designed to simulate simple motions, skills, and manufacturing simulations. 

AMI Frame. The main assessment tool of the AMI is the test frame and modules 

which are attached to simulate the simple motions which might make up a job description. 

The frame is designed to represent a generic work area or envelope. 

The AMI consists of several variable assessment components which are mounted 

in a variety of positions on the adjustable test frame. The frame is adjusted to the subject's 

seated elbow height in order to evaluate each subject in a standard orientation to the 

frame. There are a total of ten vertical positions and five horizontal positions on the frame 

from which the test modules can be placed for evaluation of the subject. The night and left 

vertical end positions of the frame are fixed at a 45 degree angle from the frontal plane. 
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Position* 

  

  

  

  

  

  

¢ s ¢€ ¢ $ 
Subtest CcLibvy Description 

HWY Y¥ ¥ 

Swftch Activation 
Push Sutton ree: f 27 - 3/4" square detent push buttons--activate 9 
Toggle x XX X 27 - 3 posttion toggle switches--ectivate 18 
Footswitch Industrie! tredle footewitch--rate of ectivet ion 

Settings 
Finger Xnob 1 1X X 10 - 3/4" dia. knobs with potnter--setting at 36° intervals 
Detent Knob x X£ X= 16 - 3/4° éta. knobs with potnter--detent at 36° intervals 
Mand Knob RE KX R KX 2-- 1/2" dla. scalloped handknob with settings at 2.1° Intervals 
Slide rE. sk 3 hortzontal 6 3 verticai linear slide switches--settings at 1/2° 

increments 
Balanced Crank eu X 1-1/2" radfus crank, settings at 2.]° Intervals 
Crank x XX 5 3-2/2" radtus crank, settings at 2.1° intervals 

Wate 
Hand Knob XU 8 KE X 2-1/2" dia. scalloped handknobd 
Balanced Crank XxX 1-1/2" rad(us crank 
Crank x XxX 2 3-4/2" radius crank 

Asseably 
Plates XK. 10 - 4" squere plates with holes at corners placed over 4 - 1/4° 

bolts on base of work station 
Spacers x 10 - 1° x 1/2" dia. spacers placed over 10 - 1/2" x 1/4" dia. bolts 

on bese of work station 
Washers x 19 - 3/4" dia. washers placed over 1/4" dia. bolts on base of work 

station 
Lock Washers x 10 - 3/8° dia. tock washers placed over 1/4" dia. bolts on base of 

work station 
Grommets x 10 - 3/8° dia. rubber grommets placed over 1/4° dia. bolts on base 

of work station 
Rts X 10 - 1/4" dfa. nuts started onto 1/4° dia. bolts on base of work 

ststion 
Bolts x 10 - 1-1/2" x 1/4° bolts started Into 1/4° nuts on base of work 

station 
Positioning 10 - 3" 2 3/4" strips with a hole in both ends are positioned over 

foles in the work station base and sheet wetal screws inserted 
Brit I A steulated preumetic drill is moved to 25 predetermined positions 

Strength 
Pinch Pinch dynometer 
Grip Grip dynometer 
Terque pronate X Torque tn frontal plane at 6° above elbow and 90% of reach 
Torque supinate I Torque in frontal plane at §* above elbow and 905 of reach 
Force Vertical I Force in frontal plane at 6° above elbow and 901 of reach 
Ferce Dow I Force in frontal plane at 6° above elbow and 751% of reach 
force Medial x force In frontal plane at 6" above elbow and 752 of reach 
force Lateral x Ferce tn frontal plane at 6° above etbow and 75% of reach 
Ferce Trans- x Force in transverse plane at 6° above elbow and SOT of reach 

verse Push 
Ferce Trans- zX Force in transverse plane at 6” above elbow and 90% of reach 

verse Pyll 
React Reaction 

Lateral Reach x Time required to move hand from a point in front of body 12° to the 
side 

Transverse Reach £ Time required to aove hand froma point in front of body 12" to a 
more distant peint in froat 

Lateral Move x Time required to move hand from a point 12° to the side to directly 
tn front ef the body 

Transverse Move x Time required to move hand from distant point in front of the body 

Reaction Tine 

* Positions 

12" to a point itn front of the tody 
The time required to respoad to an auditory stiewlus 
  

CLH (Center Lower Horfzontal) - Morfzontel work surface at seated elbow hefght with 
reach center of area 75% of 

StH (Side Lower Horizontal) - Horizontal work surface et seated elbow height with center 
20° lateral to the CL" position 

CLY (Center Lower Yertical} - Vertica) work surface at 90% of reach and 6" above seated 
elbow height 

CUV (Center Upper Yerticslt) - Vertical work surface at 90% of reach and 18" above seated 
elbow he ight 

SUN (Side Upper Vertical) - Yertical work surface at 45° to the frontal plane and 20° 
Yetera) to the CUY¥ position 

Figure 4. Available Motions Inventory sub-tests and positions (Malzahn, 1982). 
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Test Modules Used on the Frame. There are four subsections which are tested 

using the AMI frame and test modules. They include switches, settings, rate, and strength. 

Each subsection uses a variety of test modules placed in different locations on the frame. 

The switches subsection consists of five sets of switches used to evaluate the 

subject's fine motor coordination (Ross, 1990). The switches used are slide, rotary, 

detent, toggle, and push button (see Figures 5-8). The data gathered in this section of © 

tests include the number of correctly set switches and the time required to perform the 

task. Each hand is sampled at five different positions, two side positions and three center 

positions. 

The settings subsection samples the ability of the subject to rotate a 6 inch 

diameter dial using three different handles (Ross, 1990). The handles used are a crank, 

balanced crank, and hand knob (see Figures 9-11). The subject is asked to set the dial to a 

randomly generated value. The score for this section is the time required to get within + 

1/8 inch. The two side positions and three center positions are tested. 

The next subsection samples the rate (speed) at which the subject can rotate the 

handles mentioned in the settings section (see Figures 9-11). The subject rotates each 

crank for 10 seconds and the number of revolutions is recorded. The rate is sampled for 

both hands in five different positions. 

The final section used with the test frame measures the strength of the subject 

using three different handles (see Figures 12-13). The handles are used to measure the 

strength pushing up and down and to the left and right; pushing forward and pulling; and 

supination and pronation of the hand (Ross, 1990). Grip and pinch strength are also 

sampled using hand dynamometers. All results are recorded in pounds of force or inch 

pounds. 
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AMI Assembly Sub-tests. The next section of the AMI test involves an assembly 

simulation. This simulation tests the fine motor coordination of the subject in an assembly 

environment (Ross, 1990). A simulated workstation containing a variety of hardware 

items is provided (see Figure 14). The subject attempts to accomplish a series of assembly 

tasks using metal plates, spacers, flat washers, lock washers, hex nuts, grommets, bolts, 

and sheet metal screws. The purpose of this sub-test is to determine the extent to which 

the subject is capable of doing various bench assembly tasks. A drill simulator is also used 

to test hand/eye coordination (see Figure 15). The data collected include the time 

required to complete a series of assembly tasks. 

AMI Reach/Reaction Sub-test. The final section of the AMI test involves a 

reach/reaction test. This test measures the response time to an auditory or visual stimulus 

and the time required to reach a specific distance. The subject holds down a switch in the 

start position and upon recognition of the stimulus must tap a switch located in a different 

position (see Figure 16). This measures both response time and gross hand and arm 

speed. 
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Figure 5. Slide switches. 

  

  
Figure 6. Rotary/Rotary detent switches. 
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Figure 7. Toggle switches. 

  

  
Figure 8. Push-button switches. 
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igure 10. Rate and settings module-balanced crank. 
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Figure 12. Strength module. 
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Figure 13. Strength handle interfaces (Ross, 1990). 

  
Figure 14. Assembly station. 
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Figure 16. Reach/Reaction apparatus. 
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Figure 17. Flow of AMI data through analysis process (Adapted from Malzahn, 1984). 

AMI Data Analysis System. Currently the AMI scoring system is a computer 

program developed in BASIC which is used to combine and evaluate the data generated 

from the 71 sub-tests. The data analysis system generates several types of information: 

raw scores, ability scores, and motion class scores. Figure 17 offers a simple schematic of 

how the AMI input and output flow together in order to develop an evaluation of a 

subject. 

The raw scores represent the actual scores for the subject on each sub-test. The 

unit of measure for the timed tests, for example switches, is correct actuations per minute 

(Malzahn, 1984). The reciprocal of the time value is used so that zero becomes a measure 
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of no performance. Only a few of the raw scores are of direct use in evaluation and job 

design. The strength score is one such example. 

Malzahn (1982) stated that the "test score interpretations for job modification or 

placement require that there be some means of intra-individual ability comparison: i.e. 

whether the individual is more adept at making settings or using switches and what the 

best orientation is for a particular kind of activity." In order to provide this comparison 

base a common ability scale has been developed for each sub-test. A standard score for 

each sub-test was developed by taking the scores of 100 “normal” individuals (50 male 

and 50 female between the ages of 18 and 50 years) to establish the "Standards" 

population database (Ross, 1990). These standard scores act as the zero point for 

comparison. The standard deviation represents ihe unit of measure, and all analyzed 

results are reported in Z-scores. The subject's performance score for a sub-test is 

calculated by taking the difference between the able-bodied mean and the subject's raw 

performance scores and dividing it by the standard deviation of the able-bodied raw 

performance scores (Malzahn, 1982). 

This scoring allows for a comparison of the disabled subject to a normal 

population based on a scale using standard deviations. The professionals at CPR have 

found that people with scores of -3.00 standard deviations or lower will require custom 

modifications to the work environment in order to compete with able-bodied workers 

(Ross, 1990). The extreme end of the scale is a -10.00 score which indicates the non- 

performance of a sub-test. 

The final type of data analysis available using the AMI is a motion class analysis. 

Motion can be classified along a continuum from fine to gross (Malzahn, 1979). The fine 

motions usually deal with the fingers while gross motions involve the whole body or torso. 

In the development of the motion class scoring system, an order hierarchy was developed 
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based on the dominant body member used in the motion (Malzahn, 1979). A finger is 

considered first order, hand is second order, forearm is third, and arm is fourth. Figure 18 

offers a simple drawing showing the body part and order placement. 

CO
 

  

  
Figure 18. Motion class designation of body member (Ross, 1990). 

The second classification which can be used to define motion concerns the quality 

of control required to perform the motion. This system is based on the degrees of 

freedom of the motion and how complex these degrees must be in order to accomplish a 

given task (Malzahn, 1979). For example, throwing a light switch requires a single degree 

of freedom, linear motion. Moving a mouse on a flat surface requires motion in the x and 
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y directions; thus it consists of two degrees of freedom. Also considered by the AMI are 

motion in space and rotary motion (see Figure 19). 

  

  

MOTION CLASS ANALYSIS 
Type of Motion 

Motion Class Type of Examples 
Designation Motion Of Motion Type 

1 Linear Moving a Lever 

Activating a Light Switch 

2 Motion on a Plane Positioning of Object 
ona Table 

3 Motion in Space Touching Your Nose 

Threading a Needle 

R Rotary Motion Turning a Doorknob 
Stirring Motions       

Figure 19. Motion Class Analysis -- Type of Motion (Ross, 1990). 

The motion class scores are based entirely on selected subject performance scores 

combined with a weighting system. The sub-tests are evaluated to determine the degree 

at which the sub-test influences a certain motion class. Each of the motion class's set of 

weights are then normalized. The normalized weights are then multiplied by a 

performance score to yield the motion class scores. The following equations, adapted 

from Malzahn (1979), are used to determine the motion class scores: 

Xij 
n=7)} 

> xi 
yl 

  Wi = 

and 
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By combining the two classification systems with the above equations, the AMI can 

generate a total of fourteen motion class scores. The motion class scores and their 

descriptions can be found in Figure 20. 

n=7] 

Si= 5 PjWij 
Fl 

i= motion classi = 1, 14 

j = AMI sub-test performance scores j = 1,71 
X1j = sub-test motion class weights 
Wy = normalized weights 

Pj = subject sub-test performance score 
Si = subject motion class score. 

  

  

  

  

    

AMI MOTION CLASSES 

Motion Class Body Member Type of Motion 

(1-1) Fingers Linear Motion 

(1-2) Fingers Motion on a Plane 

(1-R) Fingers Rotary Motion 

(2-1) Hand Linear Motion 

(2-2) Hand Motion on a Plane 

(2-R) Hand Rotary Motion 

(2-3) Hand Motion in Space 

(3-1) Forearm Linear Motion 

(3-2) Forearm Motion on a Plane 

(3-R)} Forearm Rotary Motion 

(3-3) Forearm Motion in Space 

(4-1) Upper Arm Linear Motion 

(4-2) Upper Arm Motion on a Plane 

(4-3) Upper Arm Motion in Space     

Figure 20. The fourteen motion classes (Ross, 1990) 
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AMI Assessment. The procedure for the assessment of a client follows a set of 

guidelines developed by the Virginia Engineering Assessment Center (VEAC). The 

assessment consists of a single session of variable time. Since most of the testing on the 

AMI is based on the time to complete a task, the time for the session can vary from 3 to 5 

hours depending on the severity of the subject's disability. Upon entering the lab, the 

client and/or guardian will be given written instructions concerning the AMI assessment. 

The assessor verbally reviews the instructions with the party and answers all questions 

pertaining to the process. The client and assessor also discuss the client's disability 

characteristics. Additionally, if the client is being assessed for placement in an industrial 

setting, the possible job is discussed to provide the engineer with the necessary design data 

to make a valid assessment. The client is then given an Informed Consent Form as set 

forth by the VEAC and the University. His or her rights as a participant in the assessment 

are explained. If there are no problems, the form is signed and the assessment 

commences. 

The next step is to begin the assessment of the client. The assessment is performed 

following the AMI Measurement Instructions and Script found in Appendices A and B. 

Upon completion of the assessment, the client's is thanked for participating and given a 

copy of the informed consent form. The data are analyzed using the data system and 

algorithms discussed in the data analysis section. These data are then used to develop 

capability descriptors for the client for use in job placement. 

31



REVISED AMI SCORING SYSTEM 

System Description. 

A general description of the AMI operating characteristics can be found in the 

"AMI Description" of the "Literature Review". An updated scoring system for the AMI 

was developed to facilitate this research. The new system operates in the Microsoft 

EXCEL spreadsheet environment. The new scoring system implements the current AMI 

algorithms and scoring standards; however, this system allows for several additional 

analyses. 

The spreadsheet allows the assessor to choose between one of three possible 

scores for each sub-test. Two of the scoring options are identical to the existing AMI 

system. The first is that if the required sub-test is performed successfully, the client's 

numerical scores for the sub-test are entered. For example, successful completion of the 

push-button switches creates inputs for the correct number of actuations and the time to 

perform. The second scoring option is the situation when the client can access the test 

location but is unable to successfully perform the test requirements. In the current AMI 

system a Z-score of -10.00 is automatically assigned to the sub-test. In the spreadsheet a 

code "B" will be entered. The code will initiate a "C.N.P.", Could Not Perform, response 

which defines the client as being unable to perform the interface operation of this 

particular sub-test. This code will result in a -10.00 Z-score for this sub-test. 

The third and new scoring option offers the opportunity to eliminate a sub-test 

score from the overall AMI scores by entering code "A". The code "A" should be given in 

cases in which the client can perform the required sub-tests, such as operating push button 

switches, but due to the test's location the client is unable to complete the sub-test. This 

code will result in a “C.N.R." message which represents "Could Not Reach." 
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Additionally, the client's Z-scores for this particular test will receive a value of zero. 

Figure 21 shows the three scoring options and the resulting output. 

  

  

  

  

                  

Position _| Type Left Hand j Mean Score Left | Z-Score Left 
"number of trials" | "total time" 

CLH Slide 9 17 88.24 2.75 

CLH Rotary A C.N.R. 0.00 

CLH Detent B C.N.P. -10.00 

Figure 21. Scoring options of revised AMI scoring spreadsheet. The numerical values 

represent the calculated mean and Z-score. Code "A" represents a Could 
Not Reach score of 0.00. Code "B" represents a Could Not Perform score 
of -10.00. 

By developing the third scoring option for the AMI, several benefits can be 

achieved. The first is that a subject with a limited range of motion, yet strong residual 

capabilities, will not have scores skewed by the -10.00 Z-score. By offering the code "A" 

option, a client with definite capabilities but a limited range of motion need not have the 

motion class scores skewed by -10.00 scores for particular incomplete tests. The scores 

are "zeroed" out and removed from the calculation of the motion class scores. This also 

benefits the calculation of the mean scores for particular interfaces and locations in the test 

envelope. For example, in a case study performed at the VEAC Client A received scores 

of 0.05, -0.07, -0.06, and -10.00 for the slide interface for an average score of -2.52 

standard deviations (Kemmerling, 1993). In the new system the client would receive 

scores 0.05, -0.07, -0.06, and the final score of -10.00 would be removed from the 

calculation. This would have given the client a mean score of -0.026 standard deviations 

for the reduced envelope. This difference in scores may be a determining factor in 
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whether it is considered viable to attempt to accommodate an individual in an employment 

setting. See Appendix C for Client A's AMI data profile. 

Workbook. 

The basis for the new evaluation system is an EXCEL workbook entitled 

AMICALC_XLS. The workbook consists of six worksheets called AMICALCS, 

Summary. Scores, Positions.Graph, MotionClass.Scores, Strength.Graph and 

Reaction.Graph.. Each of these worksheets operates in a different manner. AMICALCS 

is a data entry and manipulation sheet. The standards used to calculate the various scores 

for the AMI are also stored on this worksheet. The raw data are entered and calculated 

into the ability and motion class scores. It is the primary component of the workbook. 

Summary. Scores and MotionClass. Scores are the data output worksheets. They are used 

to print the data profiles for the client. Summary.Scores contains the general ability and 

summary scores for the client. MotionClass.Scores operates the print function for the 

motion class scores for the client. Position.Graph is a worksheet which generates graphs 

of the client's average position scores for the tests involving switches, rates and settings. 

Strength.Graph is a worksheet which generates a graph displaying the client’s strength 

scores for four different combinations of data. Finally, Reaction.Graph is a graphical 

representation of the client’s scores for reach and move tasks in both the lateral and 

transverse directions. Additionally, it shows the reaction time for the client. Appendix D 

shows example screens of the data entry worksheet for the revised system. Appendix E 

contains an example of the client report which is generated using the AMI spreadsheet. 
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Operation. 

The first step in using this system is to enter the windows environment, and then 

access EXCEL. Once the user is in the spreadsheet environment, the AM/CALC.XLS 

workbook should be opened. Within this file the user can update the standard data used 

to perform the comparisons, enter the raw data and print the necessary reports. 

The main component of the system is the data entry and calculation spreadsheet, 

AMICALCS. It is from this spreadsheet that the data manipulation and display can be 

controlled. The user can enter the raw data from the assessment into the system. The 

spreadsheet will automatically calculate the mean, Z-score, and motion class scores for the 

client. 

In order to generate reports the user needs to be in either the Summary.Scores or 

MotionClass.Scores. From these spreadsheets reports of the summary and motions class 

scores are printed. 
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METHOD 

Participants. 

A total of twelve occupational and physical therapists from two locations were 

asked to participate in the validation study. The Subject Matter Experts (SMEs) 

approached were from Huntington Physical Therapists (HPT) and Cabell Huntington 

Hospital (CCH) in coordination with Marshall University. Contacts were made with each 

facility in order to secure the participation of SMEs in this portion of the study. Ten 

SMEs from HPT and two from CCH participated in the experiment. These participants 

were chosen because of their overall expertise in placing individuals in occupational 

settings and their unfamiliarity with the AMI. It was believed that individuals unfamiliar 

with the AMI would offer a more unbiased assessment of the two systems. 

Occupational and physical therapists were chosen as participants for this research 

rather than rehabilitation engineers for several reasons. The first was the difficulty which 

would have arisen in attempting to locate a large enough group of engineers to act as 

participants. The second reason was a financial one, as a large volunteer population was 

readily available in the Huntington test location. Finally, occupational and physical 

therapists are an important part of the rehabilitation team and are often exposed to the 

tools used by rehabilitation engineers, yet are unfamiliar with the format of the 

information. 

The participants ranged in age from 23 to 50 years old with an average of 6 years 

experience in their particular are of expertise. There were six female and four male 

participants. One participant had to be asked to return the finished data sets and two 

participants decided to withdraw during the procedure. 
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Materials. 

The materials for this research consisted of data profiles, analysis sheets, and exit 

questionnaire. Each of these components represented an important aspect of the 

validation of the new scoring system. One thing to note is that in order to achieve 

consistency in the manner in which the data are displayed, all data sets were presented in 

the spreadsheet format. The spreadsheet system was found to operate in the same manner 

as the existing system. Examples of the data used to compare the algorithms can be found 

in Appendix F. Additionally, it was decided to refrain from using the graphics capabilities 

due to the differences between the graphics generated using the existing AMI system and 

the updated system. The primary concern of this study was the effect that the altered 

algorithms would have on the job placement of the clients. This was done to maintain 

consistency in the manner in which the data reports were presented for the old and new 

systems. It was believed that the differences in the reports generated using the old system 

and the new system were so disparate that they might influence the subjects. The concern 

was that the subjects would be influenced by the data presentation rather than the data. 

As the new system operates in an identical manner to the existing system it was believed 

that this was a reasonable assumption to maintain the integrity of the study. 

Profile Criteria. The profile criteria are those criteria which were used to provide 

the base-line for the assignment of data sets to the analysis system. The normal profiles 

are self explanatory. All data points to be part of this criteria guideline required that all 

client Z-scores were within the normal range. The hemiplegic profiles were limited to 

either right hand or left hand dominant. Additionally, an average difference of 2.00 

standard deviations between the dominant and subordinate sides was the minimum degree 

of separation. The final profile involving the limited range of motion consisted of 

individuals with normal scores within a limited envelope. Data similar to those in 
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Appendix C were employed to describe an individual with normal skills constrained to a 

limited area of operation. 

Data Profiles. The data profiles represented the major manipulation variable of the 

procedure. The CPR of Kansas agreed to provide the data representing the disabled 

individuals. Eight data sets involving hemiplegics and eight involving individuals with 

reduced range of motion and near-normal scores within their envelope were provided. Of 

these data sets four of each group were chosen for use in the experiment. The data used 

to represent the normal group were gathered at the VEAC from students in the 

Assessment Strategies in Rehabilitation course in the Spring of 1994. The four profiles 

which most closely matched the criteria set forth above were used in the SME analysis. 

Each SME received tweive data profiles distributed in the following manner. Half 

of the profiles were generated using the "old" AMI scoring method while the other half 

were generated using the "new" scoring method. Within each scoring method two profiles 

were normal, two were hemiplegics, and two were limited range of motion. The data 

were further balanced as follows: The SMEs were split into two groups of five. Group I 

received the set of data profiles in the distribution above. Group II received the opposite 

distribution in terms of the type of scoring method used. For example, Group I received 

Client A analyzed with the "old" scoring method, whereas Group II received an analysis 

using the "new" scoring method. This allowed for the clients to act as their own controls 

for statistical analysis purposes. Figure 22 shows how the balancing was performed. 

The data profiles were then randomly ordered based on a uniform distribution. 

This was performed by giving each profile a range of values such that the twelve values 

added up to one. For example, normal profile 1 was represented by any value form 0 to 

0.08333. A random number sheet was then generated and numbers chosen to order the 
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profiles. If the value on the random number sheet was within the range for the data profile 

then that profile was placed in order. 

Analysis Sheets. The analysis sheets were the means by which the SMEs recorded 

their decision for each data profile. The sheet consisted of three components. The first 

component was a General Limitations statement. Its purpose was to ascertain each SME's 

level of understanding of each client's overall range of motions and physical limitations, 

e.g. no prehensile grip capabilities. They were asked to 

Analysis System 

Old New 

  

N BS |N BS 
  

SME 1-6 |P1N P1B P1L/p3n P3B P31 
P2N P2B p2L P4N' P4B: P4L 

  

P3N P3B P3L|P1N P1B P1L 

SME 7-12 :             P4N P4B P4L|P2N P2B P2L 
  

Figure 22. Balancing method for placing data profiles within treatments and subject 
groups. Three different profiles, represented by N, B, and S, were used 
for each degree of disability. The subjects received two example of each 
profile. 

define the parameters of the client's impairment. Expressed in narrative form, this 

provided the basis for the second component of the evaluation. 

The second component of the evaluation sheet was the job placement section. The 

SME was asked to place the client into a task based on the profile and the SME's 

expertise. Each job contained a short description of the required task so the subject would 
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not be required to turn to and from the job descriptions. The SMEs were asked to circle 

the job for which the client under consideration was best qualified. For the final 

component, they were asked to provide any comments concerning the client profile. This 

would not provide quantitative information but it could provide insight as to why 

decisions of placement were made. 

Questionnaire. The final aspect of the analysis was a short exit questionnaire. The 

subjects were asked to answer a series of questions concerning the instructions provided, 

the relative difficulty or ease of the task, the amount of detail provided in the profiles, the 

possible task assignments, and any suggestions or comments. The data generated by this 

questionnaire were analyzed using descriptive statistics to provide good usability data for 

future development of this scoring system and the AMI. 

Procedure. 

The desire to compare the two systems in as realistic a setting as possible drove 

the decision to conduct this research effort as a field study. 

Experimental Design. As the purpose of this research was to determine if one 

system was different from another it was considered a single sample, two measure 

experiment. This is based on a statement from Siegel (1988) which states that "when a 

researcher wishes to establish whether two treatments (in this case the scoring systems) 

are different then one-sample tests involving two measures are used." However, one 

weakness of this type of analysis is that the differences can be caused by other factors than 

the treatments. For this reason Siegel (1988) suggests controlling for this effect by using 

each subject (in this case each data profile) as its own control. 

Further, this research is concerned with the differences between the systems in 

terms of their operating algorithms and decision parameters. There was no consideration



for the differences between the graphical representation between the systems. In fact, the 

graphical aspect was controlled for the purpose of removing it as a possible source of bias 

in the final results. 

Variables. The independent variables for this research were the scoring system 

used and degree of disability. The scoring systems represent the old AMI scoring method 

and the new AMI method. The degree of disability range consists of the three groupings; 

normal, hemiplegic, and limited range of motion. The normal data are AMI generated 

data from the student members of a course taught at Virginia Tech in the Spring of 1994. 

The hemiplegic data represents individuals with a definite hemiplegic disability where there 

is a dominant and subordinate relationship between body sides. The limited range of 

motion grouping consists of individuals with severe range of motion disabilities. 

However, it should be noted that these individuals were selected as they demonstrated 

near-normal skills within a decreased envelope of motion. The data for the hemiplegic and 

lamited range of motion groups were provided by Mrs. Leah Ross, a Rehabilitation 

Specialist, of the CPR. 

The dependent variable for this study is the job option in which the SMEs placed 

the various data profiles. The final experimental design for this research was a 2 X (3 X 

2) x 10 matrix. There were two levels for the type of analysis system, new versus old. 

The disability factor consisted of three levels with a repetition of two. Finally, there were 

ten subjects, of twelve initial participants, who completed the experiment requirements. 

Experimental Tasks. Subjects were asked to evaluate the residual capabilities of 

an individual's data profile and attempt to place the client into a specific job option. This 

task was performed twelve times over a ten day period. The job options developed were 

as follows: 

1 = No placement possible, or placement not feasible. 
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2 = Loading and operating a punch press. 

3 = Bench top manufacturing of a vice grip head. 

4 = Employment as a pizza chef in a restaurant. 

These jobs were designed to provide to characteristics. First, the provided separate 

categories in which the subjects could place the client for the experimental task. Secondly, 

the jobs were designed to be of increasing difficulty; they were designed to require an 

increasing level of functional capability as they increase in numerical value. By developing 

the jobs in this manner it allowed for the data to be considered ordinal in nature thus 

allowing the chosen statistical analysis 

Upon completion of the job placement task the subjects were asked to answer a 

short questionnaire. The subject responses were then returned to the experimenter for 

analysis. 

Questionnaire. Analysis of the data developed by the questionnaire was strictly 

descriptive in nature. The mean, standard deviation, and median for all questions were 

calculated. This data were used to determine any trends which may have occurred in the 

evaluations. Additionally, it revealed simple facts such as the degree of effectiveness of 

the instructions, whether the group liked or disliked the data system, and whether a tool 

such would be desired. Additionally, the data developed here provided the initial 

groundwork for future research concerning the scoring systems. The questionnaire can be 

found in Appendix G. 

Experimental Protocol. 

This study consisted of a one hour orientation session with the SMEs. This was 

followed by a ten day period to allow the SMEs to perform their assessments of the data 

profiles. The training was conducted in two group sessions at the Huntington Physical 

Therapy's offices and at the Cabell Huntington Hospital. All sessions followed a written 

script to reduce the chance of differences due to experimenter bias during the training 
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sessions. The script can be found in Appendix H. The participants were welcomed to the 

session and thanked for their time and participation. The purpose of the research was 

explained to the participants. Written instructions were then distributed and read. At this 

time the participants were given the option to withdraw. Participants were also informed 

that they were free to stop the experimenter at any time to withdraw or ask questions. 

The next step of the session consisted of viewing the first 20 minutes of a video 

entitled AMI Instructional which was developed by CPR. Topics included the AMI's 

development, the sub-tests, and the method in which data are used to develop a client 

profile. When the video was completed there was a break to answer any questions 

concerning the AMI. 

The procedure for deriving client scores and rankings was then explained. 

Emphasis was placed on the fact that the scoring system is based on the mean of a 

"normal" population with the standard deviation being the measure of comparison. The 

AMI "standards" for placement were explained in detail. The "standards" by Malzahn 

(1982) are: 

Score(S.D. Description 

-3.00 or above Indicates that little or no modification is necessary. 

-5.00 or below Makes it very difficult for an individual to perform even 
at a minimal level without major modifications specific to 
a particular person-job combination. 

The task and expectations of the SMEs were explained. The SMEs were asked to 

evaluate a data profile for two factors. The first was to determine if the SMEs could 

develop a narrative describing the client's impairment, range of motion, and physical 

limitations. This falls under the heading of General Limitations. This information 

provides the basis for the participant's answer for the second part of the evaluation. 
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The next step of the analysis required the subject to place the client into one of 

four task options. This placement was based on the SME's judgment that the client could 

perform the task without adaptation. The four possible tasks in which the client could be 

placed are as follows (see Appendix G for left-hand/right-hand charts): 

1 = No placement possible, or placement not feasible. 

2 = Loading and operating a punch press. 
3 = Bench top manufacturing of a vice grip head. 

4 = Employment as a pizza chef in a restaurant. 

At this stage the experimenter discussed these tasks in detail with the subjects, explaining 

each in detail. These tasks were further defined using industry standard left-hand/right- 

hand charts which expressed the necessary motions for each hand, the production method, 

and the work site layout and dimensions. The placement data represented the data which 

will be used to validate the new system through non-parametric analysis. 

The final step of the analysis required the subjects to answer a short questionnaire 

upon completion of the twelve data profiles. This questionnaire addressed issues such as 

the use and detail of the instructions, the ease with which the task was accomplished, the 

amount of detail provided by the data profiles, the reasonable nature of the task options, 

and the opportunity to provide any suggestions or comments. 

To further assist in defining the proper process for the SMEs the experimenter 

performed an example allocation with the SMEs. An example data profile and analysis 

sheet was distributed to each participant. The experimenter worked through each area of 

the profile with the SMEs. The goal was to explain the reference of each data point and 

how the data point is scored within the AMI mean and standard deviation scoring system. 

Additionally, the manner in which the data would be analyzed by Malzahn's scoring 

paradigm was also addressed.



The subjects were then asked to perform the analysis. They were asked to identify 

the client's impairment descriptor, and then place the client in ajob. It was emphasized 

that they should select the job which most reasonably matches a client's capabilities 

without adaptation based on their knowledge and expertise. This allowed the SMEs to 

evaluate a data set under supervision and ask any questions which might arise concerning 

the scores, the sub-tests, or any other issues. Further, it provided the experimenter the 

Opportunity to reinforce the principle that there is no right or wrong answer in the 

analysis. Instead, it is an exercise in employing the skills and knowledge of the SMEs. 

Upon completion of the example set there was a short question and answer session to 

resolve any residual issues. 

The subjects were again given the opportunity to withdraw from the research, then 

were given their experimental packets. Each packet consisted of written instructions, a 

scoring profile descriptor, a summary description of the sub-tests, the four candidate job 

profiles, twelve data sets with analysis sheets, an exit questionnaire, and a pre-paid, 

addressed, return envelope. Details on the data profiles, the analysis sheets, and the exit 

questionnaire can be found in the "Materials" section. The experimenter went through the 

packet with the group to answer any questions and make sure all participants had the 

necessary materials. The components of the packet can be found in Appendix G. The 

participants were asked to refrain from discussing the data sets with each other. A time 

limit of ten days to return the data sets was be asked of the SMEs. They were thanked for 

their participation and excused. Upon receipt of the completed data sets from the subjects 

a $25.00 gift certificate was mailed to the participants as compensation for participation. 

A total of 10 subjects returned their data while two individuals chose to withdraw during 

the 10 day period. 
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DATA ANALYSIS 

Data Breakdown. 

Of the original twelve participants ten subjects returned their completed data sets. 

These participants reviewed 12 data sets containing the physical profiles of candidates 

drawn by either the new or old version of the AMI scoring paradigms, making a total of 

120 data points available for analysis. These data were separated by level of disability 

(normal, hemiplegic, or limited range of motion) and type of scoring paradigm (old or 

new). The next step was to further differentiate the data sets based on the client data used 

to generate each profile. For each disability level there were four different candidate 

profiles used. The data for each case can be found in Tables 1, 2, and 3. 

Experimental Analysis. 

The Sign Test was used in the analysis of the data. This test was chosen for two 

major reasons. The first was the nature of the data generated by the subjects. The 

subjects were asked to place each client into one of four job options. These job options 

were designed in such a manner that each one required a higher level of functional 

capability in order for the job to be performed. As the task was to place the data into a 

category, the data is categorical in nature. However, as the jobs were designed to require 

increasing capabilities this allowed for the data to be considered ordinal. 

The second reason was the purpose of the research. This research is attempting to 

show a difference between two measures, analysis with the existing AMI system in 

comparison with analysis using the AMI spreadsheet. This two measure design in 

combination with the data type allows for only qualitative measurement. The Sign Test is 

designed to analyze for differences between two measures of ordinal data, thus it was 

implemented.



A one way test was performed in each case to determine if a difference existed 

between the scoring systems. The Sign Test was performed on all data. The data were 

analyzed by calculating the binomial expansion of the data. The Sign Test is applicable to 

the case in which there are two related samples between which the experimenter only 

wishes to show that a difference exists (Siegal, 1988). It also is based on the belief that 

the differences between the two measures are not random. The general null hypothesis for 

the Sign Test states that: 

P[X; > Yi] = PIX} < Yj] = 1/2 

where X; is the placement for the pre-treatment condition, for example job placement 

using the only AMI system and Y;j is the placement for the post treatment condition. 

analysis using the new AMI system. 

The Sign Test focuses on the direction of the differences between the Xj and Yj; 

with the differences being recorded as pluses or minuses. If the null hypothesis were to be 

true it would be expected that the number of pairs in which X > Y would be equal to the 

number of pairs in which X < Y. That is, it would be expected that half the differences 

would be negative and half positive. 

The Sign Test is based on its association with the binomial distribution. The 

probability of occurrence of a particular number of positive and negative changes can be 

determined by reference to the binomial distribution with p = g = 1/2, where N is the 

number of pairs in which a change occurred.(Siegal, 1988). This probability is calculated 

in the following manner: 
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>("lra" 
f=x I 

where N = the total number of observed changes 

x = the number of observed changes in one direction 

and 

(*) - N! 
i iN -DE 

For the hypothesis, each data point was matched against its control point for the 

two treatment factors. The value for the old system was subtracted from the value for the 

new system and the sign was recorded. In the Sign Test, the sample size for each case is 

the total number of data pairs which show a difference. Since the largest N for the four 

possible cases was 31, the Sign Test Procedure for small samples was employed. 

The data were tabularized in the format mentioned above. The data pairs were 

compared and the sign changes noted. In the small sample analysis all values of zero are 

disregarded. The number of each sign was then counted. A positive sign may imply that 

the new system is an improvement. The process for analysis using the Sign Test is as 

follows: 

1. Add up zero values and subtract from N. 
2. Determine the sum of (+) and (-) signs. 

3. Using the revised sample size N and the number of (+) changes, perform the 

binomial expansion. 
4. The value calculated is the probability of observing the number of (+) changes for 
N. 

5. From this probability draw the necessary conclusion at the a=.05 level. 

Each degree of disability was tested and conclusions were drawn. 
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Hypotheses. 

For this research there were three hypotheses which were used to compare the 

scoring systems. The null hypothesis for each of the groupings (normal, hemiplegic, and 

limited range of motion) was identical. It stated that there would be no difference 

between the original AMI scoring method and the updated scoring method. The expected 

results for each of the cases were to reject the null hypothesis for the hemiplegic and 

limited range of motion cases and fail to reject the null hypothesis for the normal case. 

The null and alternate hypotheses for each case are stated in the following manner: 

Hg: No significant difference between the systems in the placement of the 

individuals. 

Ha: There is a difference. 

a= .05 

Decision to reject: Reject Ho if pcalc < a = .05 
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Table 1. Job placement choices for normal disability level 
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Old System = Original AMI analysis methodology 

New System = Update AMI analysis methodology 

Within these cells: 

1 = No placement possible, or placement not feasible. 
2 = Loading and operating a punch press. 
3 = Bench top manufacturing of a vice grip head. 
4 = Employment as a pizza chef in a restaurant. 

Difference = Change in job difficulty from placement using old vs new system 
Increase = Client placed in a more difficult job using new system in comparison with the 

old system. The 1 indicates data cells in which this change occurred. 
Decrease = Client placed in a less difficult job using the new system in comparison with 

the old system. The | indicates data cells in which this change occurred. 
Normal 1-4 = Normal data profiles generated using client data sets 1-4



Table 2. Job placement choices for hemiplegic disability level 
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Old System = Original AMI analysis methodology 
New System = Update AMI analysis methodology 

Within these cells: 

1 = No placement possible, or placement not feasible. 
2 = Loading and operating a punch press. 
3 = Bench top manufacturing of a vice grip head. 

4 = Employment as a pizza chef in a restaurant. 
Difference = Change in job difficulty from placement using old vs new system 

Increase = Client placed in a more difficult job using new system in comparison with the 
old system. The 1 indicates data cells in which this change occurred. 

Decrease = Client placed in a less difficult job using the new system in comparison with 
the old system. The | indicates data cells in which this change occurred. 

Hemiplegic1-4 = Hemiplegic data profiles generated using client data sets 1-4 
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Table 3. Job placement choices for limited range of motion disability level 
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Old System = Original AMI analysis methodology 
New System = Update AMI analysis methodology 

Within these cells: 

1 = No placement possible, or placement not feasible. 
2 = Loading and operating a punch press. 

3 = Bench top manufacturing of a vice grip head. 
4 = Employment as a pizza chef in a restaurant. 

Difference = Change in job difficulty from placement using old vs new system 
Increase = Client placed in a more difficult job using new system in comparison with the 

old system. The 1 indicates data cells in which this change occurred. 

Decrease = Client placed in a less difficult job using the new system in comparison with 
the old system. The 1 indicates data cells in which this change occurred. 

Motion1-4 = Motion data profiles generated using client data sets 1-4 
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The region of rejection selected was at an alpha of 0.05. The data gathered for 

this research were qualitative in nature, thus a greater degree of variance in results was 

expected due to individual differences between the subjects. Siegel and Castellan (1988) 

suggest that the "level of significance that the research chooses to set alpha should be 

determined by an estimate of the importance of possible practical significance of the 

results which will be obtained." Based on this opinion and the fact that the primary 

concern of this research was to validate the new scoring method as being different from 

the original, and if possible, show that this difference was of a positive nature, it was 

determined that « = 0.05 would be reasonable for this level of research . 

Normal. 

The first disability level analyzed was the normal grouping (Table 1). The data 

profiles used in this case were developed from student volunteers attending Virginia Tech. 

All profile scores were within the range of -3.00 to +3.00 standard deviations which is 

considered the normal range for analysis using the AMI (Ross, 1990). The following 

breakdown of the data occurred: 

e 11 pairs indicated no change, thus they were discarded. 
e 6 pairs indicated the placement of the client in a more difficult job using the new 

system. 
e 3 pairs indicated the placement of the client in a more difficult job using the 

existing system. 

Thus, a total of nine pairs were viable for testing. The sample size of 9 and the number of 

pairs that indicated a increase in job placement using the new system, X = 6, were used to 

perform the Sign Test. The probability of occurrence was calculated using the binomial 

expansion. The calculations for the binomial value of the test where P = pcalc are in 
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Figure 24. A value for pcalc = 0.254 results. Since pcalc = 0.254 is greater than 0.05 the 

decision is to fail to reject Hg, which was expected for this case. 

  

  

Binomial expansion for normal case: N = 9 and X = 6 

eG} +(3)+(3) + + + 
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Figure 23. Calculations for binomial expansion for normal case 

Hemiplegic. 

The data profiles used for this grouping were provided by CPR of Kansas. In this 

case, clients whom were hemiplegicly disabled, meaning one side of the body was disabled 

and the other was not, were used to generate the data profiles. The 20 data pairs 

generated by the subjects were broken down as follows: 

e 12 pairs indicated no change, thus they were discarded. 
e 5 pairs indicated the placement of the client in a more difficult job using the new 
system. 

e 3 pairs indicated the placement of the client in a more difficult job using the 

existing system. 

The null and alternate hypotheses were stated earlier in this section. The binomial 

calculations were then performed using a N = 8 and a X = 5S and are in shown Figure 25. 

For this case, a resulting pcalc = 0.363 is determined. Therefore, for a pcalc of 0.363 to



decision is the fail to reject Ho at an alpha of 0.05 for the hemiplegic case. A difference 

was expected in this case. 

  

  

Binomial expansion for hemiplegic case: N = 8 and X = 5 

(dG) le 
  P{x = 5]= 5 

56+284+8+4+1 
x > 5] = ——————_- 

A 256 

P(x 25] = 0363     

Figure 24. Calculations for binomial expansion for hemiplegic case 

Limited range of motion. 

The limited range of motion grouping consisted of individuals who were severely 

disabled in terms of their range of motion, but exhibited almost normal scores on the AMI 

within a limited envelope of operation. Twenty data pairs were developed using the 

subjects' ratings. These data pairs fell into the following groups: 

e 8 pairs indicated no change, thus they were discarded. 
e 11 pairs indicated the placement of the client in a more difficult job using the 
new system. 

e 3 pairs indicated the placement of the client in a more difficult job using the 
existing system. 

Calculating the p-value using the binomial equation, N = 14, and a X = 11 yielded the 

results found in Figure 26. The null and alternate hypotheses for this case are consistent 

with the those mentioned in the hypothesis section. The decision in this case is to reject 

Ho as 0.029 is less than 0.05 as expected. 
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Binomial expansion for limited range of motion case: N = 14 and X = 11 

(9-09-09 
364+914+14+1 

x > 11] = —u“™ 
A 16384 

P{x > 11] = 0.029 

  P[x > 11j= 

    

Figure 25. Calculations for binomial expansion for limited range of motion case 

Questionnaire. 

The final task required of the subject was to answer a short questionnaire. Ten 

questions were asked; six required answers using a seven point behaviorally anchored 

rating scale. Three required a yes or no answer and the final was open ended for 

comments. The anchored questions were analyzed using descriptive statistics--the mean, 

standard deviation, maximum, median, and minimum values. The yes/no questions were 

analyzed by counting the number of yes responses. Tables 5, 6, and 7 contain the 

questions, the subject responses, and the statistics analysis applied. A listing of the various 

comments provided by the subjects can be found in Table 7.



Table 4. Responses and statistics for questions 1, 2 & 3 

1. How would you rate the AMI data profiles in terms of the clarity of the data? 

  

  

                    
  

  

  

  

  

          

  

  

                    
  

  

  

  

  

          

  

  

                    
  

  

  

  

  

  

Vague 1 2 3 4 5 6 7 Detailed 

Subject 1 2 3 4 5 6 7 8 9 

Response 4 5 3 6 7 6 4 6 

Mean} 5.22 

Standard Deviation | 1.30 

Maximum 7 

Median 6 

Minimum 3 

2. How would you rate the AMI as an analytical tool? 
Poor 1 2 3 4 5 6 7 Excellent 

Subject 1 2 3 4 5 6 7 8 9 

Response 6 6 3 3 6 5 6 5 6 

Mean; 5.11 

Standard Deviation | 1.27 

Maximum 6 

Median 6 

Minimum 3 

3. How would you rate the amount of detail provided in the data profiles to place the 
individual? 

Insufficient 1 2 3 4 5 6 7 Sufficient 

Subject 1 2 3 4 5 6 7 8 9 

Response 4 5 3 3 6 6 6 7 6 

Mean | 5.11 

Standard Deviation | 1.45 

Maximum 7 

Median 6 

Minimum 3         
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Table 5. Responses and statistics for questions 4, 5 & 6 

4. Did the directions provide the necessary detail for you to complete the task? 

  

  

                      

  

  

  

  

                      

  

  

  

  

                      

  

  

  

  

  

Yes No 

Subject 1 2 3 4 5 6 7 8 9 

Response | yes yes yes no yes yes yes yes yes 

| Number of yes responses | 8 | 

5. Were you comfortable with the job profiles? 

Yes No 

Subject 1 2 3 4 5 6 7 8 9 
Response | _no yes yes no yes no yes yes no 

| Number of yes responses| 5 | 

6. How would you rate the clarity of the task description? 
Vague | 2 3 4 5 6 7 Detailed 

Subject 1 2 3 4 5 6 7 8 9 
Response 4 6 5 3 7 6 7 5 4 

Mean | 5.22 

Standard Deviation | 1.39 

Maximum 7 

Median 5 

Minimum 3         
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Table 6. Responses and statistics for questions 7, 8 & 9 

7, How would you rate the range of performance offered by the job options? 
Inadequate 1 2 3 4 5 6 7 Adequate 

  

  

                  
  

  

  

  

  

  

Subject 1 2 3 4 5 6 7 8 9 

Response 6 6 3 3 4 3 5 3 3 

Mean | 4.00 

Standard Deviation | 1.32 

Maximum 6 

Median 3 

Minimum 3       
  

8. How would you rate the difficulty to place the client's within the prescribed jobs? 

  

  

                  
  

  

  

  

  

  

Difficult l 2 3 4 5 6 7 Easy 

Subject 1 2 3 4 5 6 7 8 9 

Response 5 5 5 2 6 6 6 4 3 

Mean | 4.67 

Standard Deviation | 1.41 

Maximum 6 

Median 5 

Minimum 2       
  

9. Would you incorporate the AMI into your present evaluation system if it was made 
available to you? 

  

  

  

  

                  

Yes No 

Subject 1 2 3 4 5 6 7 8 9 

Response | __ yes no no no no yes yes no yes     
  

  

| Number of yes responses| 4 | 
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DISCUSSION 

Normal. 

The results of the research indicate that there was no difference between the 

scoring systems for normal data profiles. The value for pcalc was 0.254 which exceeded 

the alpha of 0.05. It was expected that there would be no difference between the two 

systems. The purpose of investigating normal data profiles was to attempt to validate that 

the two systems did not differ at the macro level. In fact this result assists in validating the 

new system's algorithms as operating in the same manner as the current system. Further, it 

infers that the mathematical equations of the new system were installed correctly and 

operated as expected. 

Hemiplegic. 

The pcalc of 0.363 did fail to reject the hypothesis at the region of rejection of 

0.05. In fact, this case produced the highest value for pcalc of all the cases. There are 

several possible explanations for this phenomena. The first is that both versions of the 

scoring systems differentiate between the left and right hands. Thus differences due to the 

nature of the disability would have been evident in both systems and no impact in 

placement would have been expected. Therefore, a result of no difference should have 

been expected. In fact, this case may be used to offer further validation that the systems 

operate in the same manner in terms of defining capabilities for the left and right 

appendages. 

A second possible cause lies in the job options which were available for placement. 

The jobs were designed to be increasingly more difficult so that they would require higher 

levels of capability. However, one job was expressly designed for one handed individuals. 

This option could have, and probably did, bias the subjects for placement of the



hemipilegicly disabled. For this disability level, the subject's placed 30 of the possible 40 

clients into the job which required only one operable appendage. This experimentally 

induced bias could have affected the expected outcome in this disability level. 

Limited range of motion. 

This case analyzed data profiles for individuals with severe disabilities in terms of 

their range of motion, yet with near-normal to normal capabilities within a reduced 

envelope of operation. The null hypothesis for this case suggested that there would be no 

difference between the systems: however, it was expected that there would be a 

difference. This opinion was verified when the analysis using the Sign Test suggested that 

the null hypothesis be rejected. This concludes that there is a difference between the two 

systems in the placement of individuals, especially those with limited envelopes of motion 

and reasonable capabilities. 

Another point of interest was that in nine of the twenty data pairs the subjects 

placed the client in a job option which required a higher level of function using the new 

system in comparison with the existing system. Whereas, in only three cases did the 

subjects place the clients in a higher level job using the old system versus the new system. 

The remaining data pairs showed no change. Thus, for 75 percent of the data pairs the 

clients were placed in more difficult jobs using the new system in comparison to their 

placement using the old system. As a result, there is a possibility that the new system 

increases the chances that an individual can be placed in a job environment. Further, this 

suggests that the new system may better define the job capabilities of clients with limited 

range of motion disabilities and near-normal residual capabilities. 
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Questionnaire. 

The purpose of the questionnaire was to get the opinions that the subjects had of 

the AMI and the experiment. The questionnaire can be found in Appendix G. Questions 

1, 2, 3, and 9 were concerned only with the AMI as an analysis system. Questions 1,2, 

and 3 used a seven point anchored scale to provide some detail to the clarity of the data 

profiles and the rating of the AMI rated as an analytical tool. It can be inferred from the 

data that the clarity of the AMI data was reasonable as it received a mean score of 5.22 

with the a score of 7.00 representing the greatest detail. Additionally, the AMI was rated 

above the midpoint in terms of excellence as a rating tool with a score of 5.11. Question 3 

dealt with the amount of detail provided by the AMI for placement purposes. Again, a 

mean score of 5.11 was recorded. This suggests that the subjects believed that they had 

enough data provided by the AMI data profiles to successfully perform the required 

placement task. 

However, for question 9, which asked if the subject would incorporate the AMI 

into his or her assessment tools, only 4 of 9 respondents answered in the affirmative. This 

conflict between the rating of the AMI and the actual incorporation is interesting. The 

comments offered provide a few possible explanations for this difference. The first is that 

there are existing systems which some individuals believe exceed the AMI as an analysis 

tool. Further the time constraints of the AMI may have influenced the popularity of the 

system. 

Another possible cause may lie in the design and development of the AMI. The 

AMI was designed by engineers to be a quantitative assessment tool for use in engineering 

solutions. The subjects approached for the study were not engineers by training and may 

in fact have been overwhelmed by the amount of detailed information. 
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The remaining questions (4,5,6,7, and 8) dealt with the task the subjects were 

required to perform. Questions 4 and 5 were yes/no questions regarding whether the 

necessary detail to perform the task was provided and whether the subjects were 

comfortable with the job profiles provided for placement. Eight of the nine subjects who 

returned the questionnaire felt the directions provided the necessary detail to perform the 

task. However, only five of the nine were comfortable with the job profiles. This factor 

may have played a large part in the variety of responses for job placement, especially in 

dealing with the hemiplegicly disabled. Furthermore, the AMI does not provide data on 

the level of mobility of the clients, yet one of the job profiles required that the client have a 

high degree of mobility. This could have influenced the subjects’ placement of individuals 

due to the lack of clarity concerning the level of mobility of the client. 

Question 6 was concerned with the clarity of the task description. A mean score 

of 5.22 suggests that enough detail was provided for the subject to perform the task at 

hand. 

Question 7 asked whether the range of performance of the job options was 

inadequate or adequate. This received a score of 4.00 which might suggest that the job 

profiles were reasonable. However, because of the comments provided by the subjects, 

the fact that four of nine subjects were not comfortable with the job profiles, and the fact 

that five of nine responses to this question were 3 (below the midpoint) suggest that the 

job profiles may have been the weakest aspect of the task and a possible weak link in the 

research. 

Question 8 asked the subject to rate the difficulty in placing the individuals within 

the prescribed jobs. A mean score of 4.67 suggests that it was relatively easy to place 

individuals in the job categories. 

63



Additional comments provided by the subjects can be found in Table 8. The 

comments fell into two general groupings; comments about the task/research and 

comments concerning the AMI. As for the comments regarding the research, most were 

concerned with the job profiles and descriptors. The opinion of several participants was 

that the jobs were difficult to understand and could have been made clearer by providing 

more detail. 

The remaining comments concerning the AMI varied in nature. Some felt that the 

AMI was a useful tool. On the other hand, others felt that it was too time consuming and 

that they had access to better tools for assessment.



Table 7. Comments made by subjects on exit questionnaire 

  

  

Summarized Comments 

Concerning the task/research. 

e My unfamiliarity with manufacturing made the job options unclear at times. 

e Pictures of work site would have been more helpful than schematics. 

e Tape was boring. 

e The hand out and packet are clear and very helpful overall. 

e Three dimensional sketches of the jobs would be useful. 

Concerning the AMI. 

e The data on the summary scores was the most difficult thing to analyze because of 
the repetition and re-grouping of each test. I tended to ignore most of it. It made me 

nervous to base a decision solely on numbers that I know I wasn't expert enough in 

interpreting the meaning of. 

e A useful concept. 

e I have worked with other forms of testing that were much less time consuming and 
results were computer recorded for less paperwork.(This person would not 
incorporate the AMI) 

e One of the shortcomings of the AMI seems to be that the scoring may mis-classify 
someone because of zero scores and negative scores. I had some difficulties with this 
when trying to make my determinations. 

e Enjoyed learning more about it. 

e It seems as though the AMI is a very useful tool for assessing the capabilities of 
individuals in terms of their workplace aptitudes. 

e This tool is far too time consuming to be of much use in clinical practice. 

e Interesting approach to client placement. 

e Needs further assessment of lower extremities. 

e It is certainly an interesting tool and research. 

e Difficult tool to use unless you like numbers. 

e Unable to determine mobility level of client based on the AMI.   
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CONCLUSIONS 

General Conclusions. 

As the driving force behind this research was to develop and validate an updated 

scoring system for the AMI which would allow for better placement of individuals with 

reduced range of motion disabilities, it is believed the goal has been met. The data and 

analysis suggest that a difference does exist between the two scoring systems. The data 

analysis for the limited range of motion disability level showed that the systems did in fact 

differ. Additionally, the number of times in which the clients were placed in higher level 

job options were such that an inference that the new system increases the chance of 

placement can be made. 

The data analysis for the limited range of motion factor further suggests that the 

new system does differentiate between severely disabled individuals and those with limited 

range of motion disabilities. Additionally, the number of times in which the clients were 

placed in higher level job options infer that the new system may offer an increased chance 

of placement for individuals fitting this disability profile. 

The data analysis of the normal and hemiplegic factors showed no difference 

between the two systems; this was expected for the normal group. Upon analyzing the 

principles of the AMI algorithms, this should also have been expected for the hemiplegic 

case. The failure to reject the null hypothesis for these cases offers a base level validation 

that the new system operates at least as well as the existing AMI calculation program. 

Further, it shows that the algorithms used in the new system are operating in the manner 

for which they were designed. 

It can be concluded that there is a difference between the two scoring methods. 

From the number of positive changes, the new system provides an improved method of



data analysis for the AMI. This provides a window of opportunity for future research to 

determine if the new system is indeed an improvement. 

Benefits of the updated system. 

The major benefit derived from this research is the updated AMI analysis system. 

This new methodology offers several improvements over the existing system. The first is 

that it better recognizes individuals with limited range of motion disabilities and possibly 

increase their chances for employment. This point was one of the major components of 

the research attempt. 

Secondly, by implementing a spreadsheet system the AMI can now be used on any 

computer platform in production rather than lower level IBMs. Further, the spreadsheet 

format allows for better manipulation of the raw scores. This in combination with the new 

coding systems for level of disability will allow for the user to generate more realistic 

profiles of the client's skills and capabilities. Additionally, the degree of manipulation 

which the spreadsheet offers opens doors for individuals to utilize the AMI when they may 

not have been inclined to in the past due to the rigidity of the current AMI analysis 

procedures. The graphics capabilities of the new system provide a better degree of data 

presentation for the user. Finally, the spreadsheet system allows for individual 

customization of the data to generated profiles for specific tests, test locations or 

combinations. 

Limitations of Experiment. 

Limitations of Task. There are several factors of the experimental design which 

may have detracted from the overall conclusions of this study. The first possibility 

concerns the job profiles used for placement of the client data profiles. These jobs were 
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selected to present a scale of increasing difficulty, denoting a higher level of capability for 

each of the jobs. Two possible issues arose. The drill press job was designed specifically 

for performance with one hand only. This design may have caused bias in the case of 

hemiplegicly disabled clients, as this job would appear to be the most appealing for 

placement regardless of the analysis system used. The second factor was the difficulty 

which the subjects had in understanding the jobs. The jobs were presented using left- 

hand/right-hand charts as the primary descriptors. The LH/RH chart is a tool used 

primarily by industrial engineers to describe the jobs. The subject group consisted of 

occupational and physical therapists who were unfamiliar with this type of tool and 

expressed some difficulty in understanding the charts. Finally, the job of pizza maker, 

required that the client be mobile; however, the AMI does not provide any information on 

the mobility of the client and this could have caused some confusion. 

A second contributing factor may be that the experiment was conducted in the 

form of a field study rather than in a controlled laboratory environment. The lack of 

control over the environmental conditions offers the opportunity for a variety of external 

factors to affect the results. Among them are the lack of control over the time spent by 

each subject. Some of the subjects may have spent five minutes doing the task while 

others may have taken five hours. Also, the lack of direct supervision presents a problem 

as the subject was not easily able to receive direct help from the experimenter. 

Additionally, the size of the task could be considered overwhelming. The subjects 

were given experimental packets which exceeded one hundred pages in length. These 

packets also consisted of twelve, six-page AMI data profiles. One comment made during 

a training session was that if you did not like numbers the sheer numerical volume of 

information would be overwhelming. Some also believed that it was difficult to determine 

which numbers were important or useful for the assessment process.



In Table 7, a summary of the comments made by the subjects, the comment was 

made that the amount of information provided by the AMI was overwhelming. In many 

real world situations there is a team approach to solving placement problems employing 

the skills of engineers, occupational therapists and physical therapists. In the case of the 

AMI, the extremely detailed information produced is normally targeted toward the 

engineer. In this experiment it was decided to use occupational and physical therapists as 

subjects as they provided an inexperienced user who had the necessary experience in 

dealing with the disabled to provide good feedback. If the AMI had been changed to fit 

the therapists' knowledge profile, then the AMI would no longer have been the same 

device. 

Limitations of Assumptions. Several decisions were made in the design of this 

experiment which may affect the validity of the conclusions drawn. These limitations are 

as follows: 

e It was assumed that a one hour training period was sufficient to introduce the AMI 

to the subjects and provide them with the necessary level of experience to perform 

the task. 

e It was assumed that twelve data sets would not be overwhelming. The decision 

for the twelve sets was based on a time to complete an individual set of twenty 

minutes. Thus, a total expected time requirement for the subjects was five hours. 

e It was assumed that the jobs were defined and described in a manner which would 

not influence the subjects. 

e The final assumption was that the subjects would provide reasonable time and 

effort toward their participation in an uncontrolled environment. 
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Improving this research project. 

If this research is repeated, there are several steps which could be taken to improve 

the overall experiment. The first step would be to perform the experiment in a controlled 

laboratory setting. By using a laboratory setting several factors could be improved. The 

training session could be performed using the actual AMI and a live demonstration rather 

than a video tape. A laboratory setting would also allow for better supervision by the 

experimenter. A three step process for the experiment would also be useful. Step one 

would be the training session, step two would be a series of evaluations of the data 

profiles, and step three would be another set of evaluations using the opposite data 

profiles as those used in step two. This would allow the participants to act as their own 

control. 

Another option would be to develop better hypothetical jobs for placement. The 

jobs could be improved to provide a more realistic opportunities for placement. Also, a 

larger scale of jobs would allow for possible analysis of the magnitude of the changes. 

The subject pool could also be improved in several ways. First, two subject 

groups could be approached, experts familiar with the AMI and those unfamiliar with the 

system. This wiil allow for comparison across groups. Increasing the subject pool, if 

possible, would be beneficial as it would allow for the number of data profiles per subject 

to be decreased potentially decreasing the chances of boredom or fatigue from 

participation. 
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Future Research. 

The findings of this research suggest that there is definitely the opportunity and 

need for future research. Possible areas for future investigation include: 

Further extension of this study by investigating and comparing the two systems 

using quantitative rather than qualitative means. 

An investigation into whether the changes in the new system are an improvement 

over the existing system. 

An investigation into what graphical representations of the data offer the highest 

degree of disclosure to the user. 

An investigation into differences between the systems utilizing a team approach of 

engineers, occupational therapists, and physical therapists. 

An investigation into the computer interface of the new AMI data input method. 
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APPENDIX A 

AMI Instructions 
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A.M.E. WEASUREMENT INSTRUCTICNS 

(Rev. Aug. 1980) 

PRELIMINARY INFORMATION 

Record the client's name, client number, date of birth, 

sex, and address or organization on vage one of the 

A.M.I. Measurement Record. Also, date and sign the 

Record. 

A.M.I. MEASUREMENT RECORD 

NAME : 
  

CLIENT NUMBER: 
  

DATE OF BIRTH: 
  

YONTH DAY YEAR 

SEX: [[] MALE ((] FEMALE 

DATE AND TIME OF PROCEDURE: 
  

ADDRESS /ORGANTIZATION: 
  

A-2 
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Page 2 

II. EQUIPMENT SET-UP 

A. Record by checking the appropriate box whether the client 

is ambulatory or is confined to a wheelchair. 

B. Politeal height 

1. Seat the client in any standard chair so that the 

client's lower legs are perpendicular to the floor 

with several inches clearance between the back of 

the lower leg and the front lip of the chair. The 

feet should be placed flat on the floor and the 

client should be asked to sit erect. 

2. Measure and record the client's left and right 

popliteal height. If the client's lower legs are 

Significantly different lengths, measure and record 

the longer of the two. Make a note on the Record 

in the case of significantly different lengths. 

3. Place the test chair or client's wheelchair centered 

laterally in front of the A.Mf.I. frame. If an 

adjustable height chair is available, adjust the 

seat height (front edge} equal to or slightly less 

than popliteal height. 

C. Seated elbow height 

1. With the subject sitting erectly in chair or wheel- 

chair, measure and record the right seated elbow 

height. For this measurement, the arm is flexed 

at the elbow to 90° and is positioned so that the 

upper arm is perpendicular to the floor. The 
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distance to be measured is the distance from the 

floor to the lower surfance of the ulna at the albew 

joint. 

™m . Repeat for left elbow height. 

D. Determine and record the client's preferred hand. This 

may be done by observation during the test if the client 

is unable to respond to such a question. If the client 

shows no preference, enter "NONE' in the appropriate 

space. 

NOTE: For all subsequent measurements, if the client is 
unable to perform a certain test, the words 
"NO TEST should be entered in the corresponding 
blank. It should be understood that a "NO TEST" 
is not the same as a zero (0.0) performance. 
Example: A subject who can grasp a strength 
handle but who can exert no force would have a 
performance of zero. However, a client who cannot 
reach or grasp the handle would be given a "NO 
TEST". 

  
ITI. REACH 

A. Horizontal functional reach 

1. Set the vertical position of the A.M.I. frame so 

that the top surface of the horizontal frame is 

equal to or slightly above the average of the two 

measured elbow heights. (If the left and right 

elbow heights are different by more than two inches, 

different A.M.I. frame height adjustments must be 

made for all subsequent left and right handed 

measurements.) 

A+ 
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Locate 2oints on each of the two centermose A.M.f 

frame vertical nembers which are at the same height 

' 
as the center of the client's shoulder joint. 

Ask the client to reach and graso with the right 

nand the right centermost vertical nember at the 

point located in III.A.2. 

Adiust the front to back position of the chair (or 

wheelchair) to a noint where the client its erect in 

the chair and the arm is fully extended. The arm 

should be parallel to the floor. 

Record the horizontal function reach. This is 

determined bv measuring from the front of the base 

ort the cabinet to the back of the seat in which the 

, 

bject is seated when prover extensicn of the sub- a
 c 

sect's hand is achieved as described above. 

Repeat for lert hand. 

is determinaticn 
cA is not an 
surement, but mereiv 

he ALMII. test. 

It should be remembered that 
et horizontal functional re2 
anthrovometrically exact mea 
an aid in standardization of 

Reach and grins 

1 
he 

» 

The chair is set to the fully extended horizontal 

functional reach distance from the frontal slant of 

the test apnaratus tc the back cf the chair in which 

che client is setting (Column A, Table 1). 

As the client to reach and graso the eignt leftmost 

the A.4.I. frame .seints narked with tape). Ww a ~ ro]
 

at
 

tn
 oO n « 
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The client need not remain erect. Circle, on che 

AJf.T. Record, those points which are net reached 

and grasped bv the client. 

ms
 

Repeat for right hand. £ all noints are reached 

by each hand, check the box marked OK. 

NOTE: For this and all subseauent measurements, dif- 
ferent chair settings must be used if the left 
and right horizontal functional reach measure- 
ments differ by more than three inches. If the 
two differ by less than three inches, the 
average or the two may be used for all measure- 
ments. 

TABLE 1 

HCRIZONTAL FUNCTIONAL REACH 

  

Distance from A.M.2. frame Distance from A.M.I. frame 
to back of client's chair to back of client's chair 
for horizontally claced nodules. for vertically placed nodules. 

Column A 1? 1S Column 3 

13 16 
19 17 

79 1 
ai 13 
73 73 

33 5 
z4 2 
25 22 
: 25 
i? 24 

23 253 

29 25 
3 24 

32 23 
35 z3 
34 33 
35 31 
36 32 
2 cf 

33 23 

393 35 
40 56 
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3H 

up 

The chair should be in the same position as in 

wre 4 

Install the norizontal frame in position 3. 

Switches 

~
 

. 

f
o
 

q
t
 

ay 
Cr
t 

imstall the Slide Switch panel in the horizontal 

frame. 

Ask the client to nake the indicated switch settings 

she 
woe mt as quickly and as error free as scossidle with 

left hand. 

Measurs and record the number of correct activations 

and the time required to verform the task (in ten 

thousandths of an hour). 

the right nand. Remember <5 vre-adjust 

rae 
wie cnNalir rosition if required. 

Repeat the entire process far the Rotary, Rotarv 

Detent, Toggle, and Pushbutton sanels. 

ings 

Install the Rate/Settings panel in the norizontal 

frame and attach the Crank. 

Using the list of random numbers cn tne A.tt.t. 

wd
 

m nN oO 4 QQ.
 

eacn 

setting. 
A-7 
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1, Repeat for the right hand. Remember to re-adjust 

the chair position if required. 

a
 

e
y
 

Reveat the entire orocess for tne Balanced Crank 

and Handkneob. 

NOTE: There are ~8 randcem numbers and “8 different 
Settings to be nade throughout tne orocedure. 
The dial should se set 29 t#ro0 initially and 
thereazter to the previous setting in the seauence. 

Rata 

a
t
 nstall the Rate/Settings panel in the horizontal te 

frame and attach the Crank. 

-. «ASK the client to rotate the Crank in the counter- 

clockwise direction with the iert hand as quickly as 

possidle for the specified length of time. 

a
l
 

Recordi the number of revolutions. 

fa
 

Receat for the clockwise direction. 

t
a
e
 

Repeat for the right hand. Remember 1° re-adiust 

the seat if required. 

5. Repeat the entire orocess for the Balanced Crank 

and Handknob. 

TION 5H 

Set-up 

1. The chair should be in the same foesiticn as in 

tii.8. 

2. [nstall the horizontal frame in positicn 4 

82
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3. Switches. Repeat [V.3. for left hand only using the 

Slide and Pushbutton sanels only. 

C Settings. Reveat IV.C. for left hand only using che 

3alanced Crank and HYandknobd only. ontinue random 

number sequence. 

J. Rate. Repeat iV.D. for left hand onlv using the Balanced 

Crank and Handknob only. 

VI. POSITION 19H 

A Set-up 

1. The chair should be in the same position as in 

ITI.3. 

2. (nstall the horizontal frame in position 19. 

3. Switches. Repeat [V.B. for right hand only using the 

Slide and Pushbutton panels onlv. 

I. Settings. Repeat [V.C. for right hand cnlv using the 

Balanced Crank and Handknob only. Continue random 

mumber sequence. 

D. Rate. Reoeat [V.D. for right hand oniv using the 

3alanced Crank and Wandknob only. 

TI POSITION 2V 

4 Set-up 
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Swit 

l. 

4 

5 

4, 

2 

Sert 

' 

4 

3. 

Completely remove the horicontal frame. 

Using the norizscental functional reacn “from Box i), 

set the chair to the corresponding vertical setting 

“see Tadie i, Column 3). 

ches 

Install the Slide Switch panel in the vertical frame. 

Ask the client to make the indicated switch settings 

as quickly and as error free as possidle with the 

Measure and record the number of correct activations 

and the time required to perform the task fin ten 

thousandths of an hour). 

Repea: for the right hand. Rememoder to re-adiust the 

SLti o oO chairoo n if required. 

Repeat the entire process for the Rotary, Rotary 

Detent, Toggie and Pushbutton sanels. 

Lngs 

Install the Rate/Settings panei in the vertical 

frame and attach the Crank. 

Continuing with the list of random numbers, verdally 

instruct the client to make the reauired (three) 

settings one at a time with the left hand. 

Measure and record the time requried to nake each 

Repeat for the rizgnt hand. Rememcoer 22 re-adciust the
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a
n
 Repeat the entire grocess for the Salanced Crank 

and Handkneb. 

Rate 

>. install the Rate/Settings oanel in the vertical 

frame and attach the Crank. 

3
 . Ask the client to rotate the Crank in the counter- 

clockwise direction with the left hand as quickly 

as possible for the specified length of time. 

Ga
t . Record the number of revolutions. 

4. Repeat for the clockwise direction. 

5 Repeat for the right hand. Remember to re-adjust 

the seat if required. 

6. Repeat the entire process for the Balanced Crank 

and Yandknob, 

TICN 3V 

Repeat entire process outlined in YII for this position. 

TION LY 

Set-up. Same as VIT.A. 

Switches. Repeat VII.3. for iert Aand cniv using the 

a
 otary, Rotary Detent and Toggle only. 

Settings. Repeat VII.C. for left hand coniv using th 

Crank and Handkneb only. Continue with random seduence. 

A-1] 
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rage ll 

>. Rate. Repeat VII.3. for Lette hand only using the Crank 

and HWandkneb oniy. 

POSITION 3V 

A. Set-uo. Same as VII.A. 

3. Switches. Revneat VII.3. for right hand coniv using 

Rotary, Rotary Detent and Toggle only. 

Cc. Settings. Reveat VII.C. for rient hand onlv using 

Crank and Handknobd only. Continue with random sequence 

O. Rate. Repeat VIT.D. for right hand only using Crank and 

Handknob onlv. 

SCOT SWITCH 

A. Positicn the Foot switch in a convenient position close 

fo tne suoiect's ieft foot. 

3. Ask tne client to activate the Foot switch as manv ‘times 

as possidle within 1.905 hours. 

C. Record the number of activations. 

A-l2
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wa
 o e
m
 

i
v
 

A. Finch 

1. Ask the client to exert naximal force on the vinch 

dvnamometer with the left hand. Repeat the pinch 

measurement until two measurements are taken which 

are within + 5%. Record these two measurements in 

sounds. 

2. Repeat for right hand. 

3 Grio 

1 Ask the client to exert maximal force on the grip 

dynamometer with the left hand. Repeat the grip 

measurement until two neasurements are taken which 

are within + 5%. Record these two measurements in 

dounds. 

2. Repeat for right hand. 

C ADpiied torque 

u
e
 

Tne chair should be set in the same cosition as in 

4
 

4
 

' “b
e 

TInstali the torque nodule in position $V. Attach 

Stirrup handle to the torque shaft so that it is 

D20Ssitioned vertically. 

qt
 

at
 

Oo
 

o ras
 

o 4 et
 

Fe
 | 

re)
 

“ ai
e 

FS 
| 

fw
 

e:
 

fa
 

ao
 eC pao
 | 

at
 

o “4
 

a
 —
 

a
 a ra
y x e
 

a
 o Ask the clien 

torque with the 

remains erect in the chair and uses cnlv the left 

nand. RXereat this neasurement until two readings are 

taken which are within + 34%. =eccord these two measure- 

ments in volts. 
A-13 
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Repeat for clockwise tordgue. 

Repeat entire orecess for the rigne hand. Remember 

to re-adiust the seat position if recuired. 

cai} 4
 ted force (vert 

The chair should be set in the same sosition as 

in VII.A. 

Tnstall the torque module in position 3V. Attach 

the extender bar and stirrup handie to the torque 

shart so that the bar is vositiocned horizontally to 

the left with the handle positioned vertically. 

Ask the client to exert naximal vertical force un- 
tt
, ward with the lert hand. The client should remain 

erect in the chair and use only the left hand and 

arm. Repeat until two measurements are taken which 

are witnin + 23. Record these two measurements in 

VOLTS. 

Reneat for the downward direction with the lett hand. 

Reveat entire orsccess for the right hand. The 

axtender bar and stirrup handle shouid de re-positioned 

co the right. Remember to re-adjust the seat position 

Led force ‘lateral? 

The chair sheuld be ser in the same position as in 

TII.3 

Install the horizontal frame in cesition 3. Install 

the tcorcue nodule in the norizontal frame Attach 

A-l4
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the extender bar and short Handle so that the bar 

and handle are coward the client. 

Ask the client to exert maximal forc# towards the 

~ert with the left hand and arm. The client should 

remain erect in the chair and use only the Left hand 

and arm. Repeat until two measurements are taken 

which are within + 5%. Record these two measurements 

in volts. 

Repeat for the righeward direction with the left 

Nand. 

Repeat entire orocess for the right hand. Remember 

to re-adjust the seat position if reauired. 

tec force ‘transverse) 

The chair should be set in the same position as in 

[I1.3. 

install the horizontal frame in position 8. Install 

the torque module in the horizontal frame. Attach 

the extender bar and short handle so that the bar 

and handle are vositioned to the left. 

Ask the client to exert maximal force forward (push) 

with the left hand and arm. The client should 

remain erect in the chair and use only the left 

nand and arm. 2epeat until two measurements are 

taken which are within + 33. Record these two 

measurements in volts. 

Re a eat for the backward (oull) directicn with the 

A-15 
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Repeat entire nrocess for the rignt hand. The a
n
 

. 

extender Sar and short handle should 3e positioned 

to the right. Remember co re-adjust the seat 

position if required. 

assembly group of tests is performed at ‘two work stations, 

for the firs et
 eight subtests (nrlates through bolts). 

@ (o
e and one for th rill subtest. 

Station A Subtests: The contents of the bins must be 
  

identical to the outline below: 

  

  

  

jrommets/ Sheet Hex Hex Sheet Grommets / 
hock Metal Nuts Nuts Metal Lock 
Washers* Screws Screws Nashers” 

Flat Spacers Bolts Bolts Spacers Flat 
Washers Washers 

*The Din containing the tock washers must be interchanged 
with the bin containing the grommets as necessary for 
rizgnt and left hand testing. 

Zach of the eight subtests performed at 

rt
h consist of ten "“assemblies''. Both the 

assemoied and the total time required are 

Before beginning these subtests, the sub‘ect is to be 

instructed that only one part at a time is 29 De taken from 

the bin or rack. ff he should accidentialiv pick up two 

or nore parts at once, all Sut one should Se drovped and not 

touched again. In the case of an unintenticnal 

tt
, sheuld be left to the subject's discretion wnether to pick oa
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or two parts for each subtest should te demonstrated *9 the 

subject. The subject should also Se instructed to keeo the 

mand not being tested in his lap. 

WY
 

a. 1ates--Module 1 

The ten olates are slaced in the racks on the left 

side or right side of the work station for the left 

and right hands respectively. The subject is to remove 

one plate at a time from the rack, and position each 

on the four upright bolts. 

For this subtest, demonstrate to the subject before 

ne begins that if a plate goes on the bolts at an angle, 

it cannot be positioned properly by pushing on the 

higher end. Rather the lower side must be raised. 

Assembly tasks 2, 4, 5 and 3 are done in succession 

witneut disassemoly, first with the left hand and then 

witha the right hand. 

we
 Soacers--Module 2 

One spacer at a time is to be taken from the right 

or left spacer cin for the right or ler: hand respectivei- 

and plased on one of the ten upright d30olts. The order in 

which they are placed on the bolts is leret to the dis- 

cretion of the subject. 

Demonstrate. 

c or e
e
 lf the subject's choice of order is errat 

inconsistent contributing to his ine 

efficiency in serforming the nultiple task, this should 

be noted in the data booklet. 

A-17 
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Flat washers--Module 2 

Qne flat washer plased on ton of each spacer. 

Lock washers--“odule 2 

Cne leck washer plased on top of each flat washer. 

Hex nuts--Module 2 

One hex nut should be started cn each 5ole on top 

of each lock washer. The subject should be instructed 

mot to tignten the nuts down, but cniv to turn it one 

or two turns to get it started. (The underlying rationale 

for this is that in industry a compressed air nut driver 

would most likely be used to tighten the nuts. However, 

thev would have to De started bv hand.) 

Grommets--Module 2 

Remove rut, flat and lock washers from bolts, but 

leave spacers on. ‘Srommets are to Se sushed on over the 

spacers. | 

Pesitisning--Module 3 

  

One metal strip at a time is removed from the rack 

and positioned so that the drilled holes natch up 

Then two us
t approximately with holes drilled in ‘fodule 

sheet metal screws are taken, one a¢ 1 time, from the 

dap amid badterreacd dip chr tr dad at ati th cured Or tlyer ane tel 

strin. the subfect La tllowed tao uaa thes os raw fio gible 

the metal strio into final positicn. ecorc the number 

of assemblies of 3 hardware items correctiv completed. 

Note subject's capability of sequencing itens. 

cy
 

olts--Module : 

One bolt at a time is started inte a aut con the 
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As with the nuts, the subject is to be 

instructed not to tignten the bolt down, 5ut only ¢ 

give one. 

= 4 
sud mM rt

 

ja
 

et
 

t 
as

 

oO
 

a t
J
 

The 

or two turns to get it started. 

tests: 

object of this subtest is for the subject 

Qo 

to 

contact the inner metal plate bv inserting the drill 

point through each of the grommets, Dut without 

contacting the outer plate. The subject is not required 

to follow a specific order among the twenty-five grommets. 

The front of the work station itself should be positioned 

even with the table edge. 

As ¢ or the other assembly subtests, this shoul d be 

performed first with the left hand and then with the 

right hand, and should be demonstrated t3 the clien 

For scoring purposes, the number of hits finner pla 

contacts) 

should be 

V¥arning: 

, misses (outer plate contacts) and the ti 

recorded. 

The drill is heavy and has a fairlv sharo 

point. Thus, if the evaluator judges the 
client mav have difficulty in grasoing or 
holding the drili this subtest shouid not 
be performed because of sarety considera- 
tions. In this case 'NO TEST’ should be 
recorded on the dara ‘form. 

t. 

te 

me 
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TICN REACH 

Set-up. 

.. The reaction-reach base board is nounted on the 

A.M.I. frame. 

: The instrumentation is placed so that the client 

is unable to see the force of the control box. 

3 The stimulus is set for sound. 

LATERAL R 

ro
y The START pedal is nlaced in the position immedi- 

ately in front of the client. The STCP sedal is 

r
t
 

rr
 placed to the Le 

The client is directed to place his left hand on the 

START switch and keen the switch depressed until a 

sound stimulus is haard, then the client is to move 

his hand as quickly as sossible to the STCP switch 

and deoress iz. Demonstrate. 

After the client has depressed the START switch the 

evaluator pushes the reset button chen the PUSH TO 

START button. As soon as the client deoresses the 

STOP button, the evaluator is to release the PUSH 

TO START button. Reaction and reach times ‘fcr the 

trial should be recorded on the data form. The 

yrocess is repeated with the left hand and a second 

set of data recorded. 

The STCP switch is placed to the rignt and the ovro- 

cedure carried cut with the rignt hand as dione in 

#3 with the left rand. 

A-20 
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oO TRANSVERSE 8 

1, Set-up. The STOP switch is placed at the remcte 

position in tront of the client. 

i
)
 

. The client is directed to solace his lert hand on 

the START switch. 

t
a
 

. Reaction-reach is performed and recorded as above. 

4. Procedure is repeated using the right hand. 

3. LATERAL M 

Ll. Set-up. The STOP switch is placed directly in frone 

of the client. The START switch is placed to the 

left. 

24 

. The reaction-reach is performed as before with the 

client now meving his left hand away from the center 

front position. 

t
d
 The START switch is placed at the right. The pro- 

cedure is performed with the left hand. 

at
 TRANSVERSE M 

1. Set-up. The START switch is placed at the remote 

center position. 

i
w
 The client is asked to perform the procedure with 

the left hand. 

3. The client is asked to perform the procedure with the 

right hand. 

This item concludes the Available Motions Inventer~. 
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The foliowing are suggested scripts for instructing subjects 

to pertorm AMI! tasks. Listed under each are known 

acceptabie variations Jisteag in the order they typicalty are 

cons:dered Dy the evaluation aaministrator or the subject. 

The aiternate modes of performance are usually initiated by 

the subject. if, im the opinion of the evaluator, the 

Subject 18 ITtkety to be able to perform an AMI task in a 

non-standard fashion, tt may be suggested. THERE ARE OTHER 

POSSIBILITIES! You will have to use your own juaggement. 

Techniques which are not aliowed are those which might cause 

harm to the subject or whicn are not acceptabie from a 

Sanitation consideration, for example, moving equipment with 

the moutn or tongue. 

SWITCHES 

c! cde Switches 

(Demonstrating with left® forefinger) 

"You are to push each switcn to the level indicated by the 

number(s) at tne end of each switch. The first three are 

pushed to the side, right to left; the second three are 

pushed ud. 'f you pass the right piace, push or pull it 

back. Tne switch must be closer to the !isted number than 

rt «sy to tne number on either side of it. The ena of the 

Ll1ot 18 too fer tor a setting of ‘five’." (The required 

accuracy for tre continuousiy variable switcnes, Siide and 

Rotary, +&8 plus of minus 172.) 

Other f.ngers used separately 

Thump 

Any portion of the nand, base of palm, outer surface, 

flexed knuckies 

T-dpar, eraser tipped penci! or other hand hela object 

Wrist 

Elbow 

Head or mouth stick 

Toe(s) 

Rotary Switecnes 
(Demonstrating with forefinger) "These switches do the same 

tning as those you just performed except that they go around 

im a circte instead of in a straight line. Push the switch 

to the number shown above the switch, starting tnis way 

(demonstrate clockwise). Again, if you pass the number, 

push the switch back to rt." 

Pushing the switch in segmented straight Iines in order 

to acnieve rotary motion 

The exceptions listed above, in the same order 

xDemonstrate each new task with hang subject will use f Besa. 

This i$ typrcéetily the teft nang unless aniy the right 15



Detent Switches 
"These switcnes look just like the ones which you just did 

but tnese have a stop like a television channe! setector. 

(Demonstrate) Set eacn one on the number shown at the top 

of the switcn." 

Tnese switches are also !:ikely to be moved in a iinear 

fashion; however, the subjyect 18 even more likety to 

use a flexed finger or otner portion of the hand as 

this activity requires more force than the first two 

Switch tasks. (Be alert for tne appearance of 

abrasions on the portions of the nand used to push the 

Switch. {f abrasions appear, discontinue this 

activity.) 

Other exceptions as noted in the Siide switches 

These switches are not likety to be actuated 

successfully with head or mouth stick because of the 

force required. 

Toggle Switcnes 
"These switches have three possible positions; on/sup, off, 

or on/down. Instructions for eacn switch are [tsted above 

the switches. lf the label says ‘up’, push it up. if tne 

fapel says ‘down', push it down. lf these +$ no label over 
the switch, leave it as it is and go on to tne next switch.” 

(Demonstrate with the left first finger.) 

These switches require a significant amount of force 

applied at a more specific location, as such, they may 

pe the most difficult to actuate. Exceptrons will be 

similar to those for the Detent switches. 

Pushbutton Switches 

"Tnere are tnree colors of switches on this panel. Pornt to 

& red switcn (pause for subject to respond), a green switch 

(pause), and &@ blue switcn (pause). When these switches are 

pusned on, a !ignt 18 turned on under it (Cdemonstrate with 

reft first finger). | wiitl ask you to push ‘on’ all the 

switches of a color. (Name one of tne colors for the first 

triaji)d." 

Fingers bunched for applying force 

Any other portion of the nand which can be extended 

into tne switch recess such as a flexed knuckie. 

Hand neid object such as a T-dar or pencil with rubber 

tipped eraser 

Head or mouth stick, possibie, but not likely because 

of the force required to actuate these switches 

Toes are acceptabie Dut unliikety to be successful.



SETTINGS 

Crank 
"See the numbers on the face piate? What | will be asking 

you to do is to use the handlte to turn the face plate until 

a particular number its just below the mark at the top of the 

Grail. (Demonstrate with the left hand grasping the handle.) 

1f | should ask for Cany number of your chotce), turn the 

Gial until it 18 at the mark. When you nave the dial in the 

right place, let go of the handie. You must be within one 

smaiio mark (tenths) of the tonger mark.“ Set the dial at 

zero and dictate a number to the subject. For subsequent 

settings begin at the previous setting. 

Any alternate grasp 

Flexed hand used to push the handie :n the required 

direction without grasping the handie. 

Wrist 

Forearm 

Headstick or. mouthstick, doubtful untess there 18 an 

adaptation which allows the user to continuousiy 

interface with the handle such as a toop or tacky 

surface 

Toes 

instructions and requirements are the same as those required 

for the targer Crank. Re-instruction +83 not likely to be 

needed. 

acaltoped Handknob 
Instructions are similar. 

Pusning the knob around with flexed hand, wrist or 

forearm 

Head or mouthstick actuation hignly unlikely 

Toes 

RATE 

Crank of Balanced Crank 
“When |! say, ‘Go ahead’, grasp the nandle and turn it in 

this Cgrasp with the teft hand ang turn tt counter- 

clockwise) direction. When i say ‘Stop', you may quit. The 
counter works for ten seconds so you cannot raise your score 

Dy going on." 

Exceptions are tne same as for the Crank used for the 

Settings tasks with head or mouth stick actuatson being 

even more difficult. 

B- 4 
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Handkoaob 
Spoken instructions are the same. Tension on the handle 

rotation must be sufficient for the knob to move as easily 

as possible without the possibility of the subject spinning 

it. 

A segmented pushing of the handie in a rotary motion i8 

still possible but highly inefficient. 

Rotting tne arm in a Sinear fasnion aliong the perimeter 

of the nandie. 

Head and moutnstick, higniy unlikely 

Toes, highly unlikety 

STRENGTH 

Pinch 
"With your thumb and forefinger, pinch these surfaces 

together as hard as you can (demonstrate) until | say 

"Steo’. Then release. You need not hoid on to the gauge 

until | get the reading since the red arrow ‘holas’ the 

reading for me." 

Little exception because modified pinch position 

actually becomes a grasp. 

Not applicable to ne&d or moutnstick users or toe 

actuated activity. 

Grasp 
"Grasp this (demonstrate) and squeeze with your hana until |} 

say ‘Stop’. This gauge also hoids the reading until ! have 

a cnance to read it." 

Few exceptions are likely to be appiicabile. 

"Grasp the handle and twist it in this (demonstrate counter 

clockwise :n the first case, clockwise in the second) 

qdirection. You will not teel the nandie move much, if at 

ald. We wilt still get a reading adout now hard you are 

twisting the handie." 

Alternate methods have not been effective. 

Appited Force Lateral 
"Grasp this handle with your Jteft nand and pu!! to your 

left C€demonstrate) as hard as you can until § tell you to 

fet go (stop or release)..." 

The back of the hand or the wrist can be used against 

the handle; this is a tess effective intertace. 

Applied Force Medial 
"Grasp this nandle with your teft hand and push to your 

rignt Cdemonstrate) as hard as you can until | teti you to 

retease. 

The same as Appiied Force Lateral 
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Lock Washers 

"Prick up one of these (demonstrate) |lock washers one at a 

time and place them on top of tne flat wasners. There +$ no 

rignt or wrong side up." 

Partially open grasp, becoming Jess Itkely to be 
effective 

Hex Nuts 
"Pick these up, one at atime, and piace them on the bolt. 

Rotate the nut in thrs (demonstrate with the left hand. You 

may need to repeat this demonstration for the right hand as 

rotary motion 18 a reciprocal activity for each nang.) 

direction cone and one naif to two times, just until the nut 

Stays on the bolt." In an industrial task a torque wrench 

would be used to tighten the nut. 

Partially open grasp 

Linear motion to rotate the nut, much as the hand knob 

was rotated 

Nut may be placed on the flat module surface in order 

to acnieve @ Rorizontai orientation for the nut. 

Grommets 
"Pick these up, one at @ time, and place them over the 

bolts. Push the grommet down on the bolt.” 

Partially open grasp 

Ptacing the nut on tne modcute surface to acnieve proper 

positioning as with the nuts 

Positioning 
"Ptace @ metal strip over two of the holes on this plate. 

(Demonstrate) Pick up the screws, one at a time, and drop 

them through the holes. (Demonstrate) You need not rotate 

the screw to get it «nto tne hole. You may, if you wish, 

use the point of the screw to !ine the note in the metal 

sirip over the hole in the plate. 

Partially opened grasp 

Screws may de pressec against a surface, such as the 

moduie, the tabletop or even the subyect’sS chest, in 

order to align it for placing in the hole 

Boits 

"Piace a bolt (demonstrate) in one of these holes and rotate 

it in this Codemonstrate ciockwise for eacn Nana) direction 

two or more turns until the bolt can stand on tts own.” 

Partially open grasp 

Rotation of the bpoit with /inear motion of hand and/or 

forearm after tne po!t ts firmty fixed 

Doers i 

"Grasp this drill and piace the point :nto eachn of these 

noles in orcer (Gemonstrates). 'f you get tired and cannot 

hold +t up, say ‘Done’ ana put tne dritt! down on the 

tanpletop in front of you." This tatter sinastruction ¢$ 

appropriate oniy for those subjects wnose abitity to 

complete tne task i$ qQuestionablte. B- 6 
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Anpiied Force Push 
"Grasp the handle and push away as hard as you can." 

CGemonstrate) 

Closed hand can be used; again, this iS a iess 

effective interface. 

Anpliied Eorce Puil 
“Grasp the nhandie and pull toward you as hard as you can." 

Closed nand or wrist interface 

Applied Force Up 
"Grasp the handte and push up as hard as you can.” 

Closed nand or wrist against the upper inner surface of 

the stirrup handie 

(tf necessary, the stirrup handite can be positioned 

horizontaily on the extender bar. 

Applied Eorce Down 
"Grasp the handie and push down as hard as you can.” 

Ciosed nand or wrist against the lower inner surface of 

the stirrup ‘handle. 

if necessary, the stirrup Nangdte can be positioned 

nhor:;zontal y. 

ASSEMBLY 

Plates 

“Eacn of these ten plates 1:83 to be placed on these four 

bpotts. (Demonstrate) Notice that if one side stides too far 

down, tne other side cannot be lined up. Ila tnis case@ you 

wiil have to fift up eon the tow side. (Oemonstrate) Go 

aneaag and piace the piates, one at at time, on the bolts. 

Generai instructions for Smal! Haragware Items 

“When you are piacing any of the items which are in these 

DINS, you must pick up onty one at a time (demonstrate with 

the Spacers). {f you reach for one item and find you have 

more than ane, the extra or extras can be dropped. These 

extras cannot be picked up /ater. In other words, you must 

'rft one part each time from tne bin and piace :t on the 

module. lf you drop a single part which you nave removed 

from the bin, you may pick it up. lf a dropped part fails 

tar away, go not try to pick tt up again, but reach into the 

bin for another." C!lf many parts are dropped, the evaluator 

may replace them when the subject 1s working at the module.) 

SPACES 
"Pick up these (demonstrate holding spacers on cylindrical 

siages between thumd and fingers) one at at time. Place one 

on each of these bolts as quickly as you can." 

Partially open grasp 

Flexor 

Flat Wasners 
"Prick up one of these (demonstrate) flat washers one at at 

time and place them on top of each of the spacers.” B. 7 

Partiaity open grasp 
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Lock Washers 

"Pick up one of these (demonstrate) lock washers one at a 

time and place them on top of the flat washers. There is no 

right or wrong side up." 

Partially open grasp, becoming less Jikely to de 

effective 

Hex Nuts 
"Pick these up, one at a time, and place them on the bolt. 

Rotate the nut in this Cdemonstrate with the left hand. You 

may need to repeat this demonstration for the right hand as 

rotary motion is a& reciprocal activity for each hand.) 

direction one and one haif to two times, just until the nut 

stays on the boit." In an industrial task a torque wrench 

would be used to tighten the nut. 

Partiaily open grasp 

Linear motion to rotate the nut, much as the hand knob 

was rotated 

Nut may be placed on the flat module surface in order 

to achieve a norizontal orientation for the nut. 

Grommets 
"Pick these up, one ata time, and place them over the 

bolts. Push the grommet down on the bolt.” 

Partially open grasp 

Placing the nut on the module surface to achieve proper 

positioning as with the nuts 

p a. 

"Place a metal strip over two of the holes on this plate. 

CDemonstrate) Pick up the screws, one at a time, and drop 

them through the holes. (Demonstrate) You need not rotate 

the screw to get it into the hole. You may, if you wish, 

use the point of the screw to line the hole in the metal 

strip over the hole in the plate. 

Partially opened grasp 

Screws may be pressed against a surface, such as the 

module, the tabletop or even the subject's chest, in 

order to align it for placing in the hole 

Bolts 
"Place a bolt (demonstrate) in one of these holes and rotate 

it in this (demonstrate clockwise for eacn hand) direction 

two or more turns until the bolt can stand on its own." 

Partially open grasp 

Rotation of the bolt with linear motion of hand and/or 

forearm after the bolt is firmly fixed 

Drijit 
"Grasp this drill and place the point into each of these 

holes in order (demonstrates). If you get tired and cannot 

hold it up, say ‘Done’ and put the drill down on the 

tabletop in front of you." This latter instruction is 

appropriate only for those subjects whose ability to 

complete the task is questionable. B- 8 
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REACTION REACH 

General rot * 

"Place your nand on the switch pedal marked ‘Start’ anda 

listen for the sound. When you hear the sound, move your 

hand quickly to the switcn pedal marked ‘Stop’. Press the 

‘Stop’ pedai down as quickly as you can." Make certain that 

the same portion of the hand :s used to press each switcn, 

hence, the standard 12“ travel is achieved. 

if the subject is hearing tmpaired or unable to hear 

the specific frequency of the horn, the light stimulus 
is to be used. 

Mouthstick or headstick. 

Distance between pedais can be reduced for persons 

whose range of motion 18 quite restricted. Note the 

non-standard fashion of administration. 
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APPENDIX C 

Client A's Complete AMI Report 
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AVALIISL2 MOTIONS INVENTORY 
  

WICHITA STATE UNIVERSITY 
REHABILITATION ENGINEERING CENTER 

VERSION # 1 REVISED 09/09/85 

ilient Name: 

Testing Date: 06/65/93 

Date of Birth: 12/05/65 
Sex: @ 

Address/Oryganization: Tinker Mountain 

Tester: Kemmerling. P.T. 

Notes: 
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(SWITCHES; 

Cid 

Cad 

Clad 
ed 

Cid 

CLa 

Siz 

Sid 

CL? 

CLY 

CLv 

Cl 

CLv 

cuy 

CuUV 

CUV 

cuVv 

cuUv 

SUV 

SUV 

suU7 

SLIDE 
ROTARY 
DJETENT 
TOGGLE 
PUSH 3UTTON 
Suldé 
PUSH 3UTTON 
SLIDE 
ROTARY 
DETINT 
TOGGLE 
PUSH BUTTON 
SLIDE 
ROTARY 
DETZNT 
TOGGLE 
PUSH 3UTTON 
ROTARY 
DETENT 
TOGGLE 

(SETTINGS) 
Cla 

CLA 

CLA 

Sid 

SLA 

CLY 

Li7 

CLV 

CcuUV 

CuUYv 

cu 

SUV 

SUV 

CRANK 
BAL CRANK 
HAND KNOB 
BAL CRANK 
HAND KNOB 
CRANK 
BAL CRANK 
BAND KNOB 
CRANK 
BAL CRANK 
HAND KNOB 
CRANK 
HAND KNOB 

7-60 LEFT dAND---~- 
MEAN Z-SCORE 

47.62 9.05 
o3.53 -2.74 
o§.90 -3.268 
66.87 -i.71 

250.00 1.28 
$0.90 -9.07 
75.90 -1.92 
$2.03 “0.96 
37.04 -1,.27 
18.52 -3.29 
75.00 -2.29 
88.24 -1.29 
0.00 -10.00 
0.00 -i0.00 
0.00 -10.00 
0.00 -10.00 
0.00 ~-10.00 
0.00 -10.00 
0.00 ~-i0.00 
0.00 -10.00 

12.30 -1.77 
20.37 -0.71 
26.88 -1.05 
37.70 0.59 
22.22 -1.26 
38.89 0.59 
14.38 -1.03 
40.74 0.22 
0.00 -10.00 
0.00 -10.00 
0.90 -19.90 
0.00 -10.00 
0.900 -10.00 

STANDARD 

46.86 
42.75 
49.26 

107.33 
21.44 
51.04 

I17.20 
£3.49 
51.05 
52.70 

128.07 
116.76 
61.57 
$3.34 
$2.93 

121.33 
130.46 
$2.91 
52.61 

i20.45 

36.25 
28.31 
35.91 
25.92 
36.19 
34.11 
31.04 
38.29 
33.65 
27.86 
41.29 
32.79 
40.99 

~---2IGdT FAND---- 

=~ SCORE MEAN 

0.00 
0.00 
0.00 
0.00 
0.00 
0.90 
0.00 
0.00 
0.00 
0.00 
0.00 
0.90 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

e 
e
e
s
e
s
s
s
s
s
s
e
s
s
e
 

Q
o
a
o
q
g
o
a
o
a
o
o
 

o
g
o
 
o
g
o
 
o
G
 

e
o
g
g
Q
q
g
a
o
o
a
n
a
n
a
 

a
A
 
8
 

~190 
“10. 
-i0. 
-1ld. 
-10. 
“10. 
-10. 
“10. 
~10. 
~10. 
-10. 
~10. 
-10. 
~10. 
-10. 
-10. 
-10. 
-10. 
~10. 
~1i0. 

~10. 
-10. 
~10. 
-10. 

-10. 
~10. 
-10. 
-10. 
~10. 
-10. 
-10. 
-10. 
-10d. 

.90 
00 
00 
00 
90 
00 
00 
090 
00 
00 
20 
00 
00 
00 
00 
00 
00 
90 
00 
00 

00 
00 

00 
00 

00 
00 
00 
00 
00 
00 
00 
00 
00 
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(RATES) 
Cid CRANK 
Clz BAL CRANK 
CLE HAND KNOB 
Sia 3AL CRANK 
Siz JAND KNOB 
Cav CRANK 
CLY 3AL CRANK 
CLV dgAND KNOB 
CLY CRANK 
CUY BAL CRANK 
CUY HAND KNOB 
SUV CRANK 
SUY ZAND KNOB 
FCOT SWITCH 

(STZENGTH) 

PICS 

GRIP 

AT? SUP 

ArTQ PRO 

Agr? UP 

aFyY DOWN 

AFE TERAL 

AFL MEDIAL 

AFL PUSH 

ArL PULL 

(ASSEMBLY) 
PLATES 
SPACERS 
FLAT WASHERS 
LOCX WASHERS 
SEX NUTS 
GAOMMETS 
POSITIONING 
8CLTS 
DRILL 

(REACTION) 
LATERAL R 
TRANSVERSE R 
LATERAL 
TRANSVERSE M 
REACTY TIME 

coon LEFT XAND-~--— 
MEAN o- SCORE 

102.30 “1.71 
89.2 -2.38 
4i.7 -9.34 
73.80 “2.71 
36.00 -1.25 

143.10 -i.59 

122.80 -1.89 
38.40 -1.79 
0.00 ~-10.00 
0.00 -10.00 
0.00 -10.00 
0.00 -10.00 
0.00 -10.00 

63.00 -4.31 

20.50 -9.35 
19.50 -2.58 
34.09 -2.14 
23.86 -1.36 
10.80 -1.90 
28.398 -1.15 
6.25 -1.37 

15.34 -i.23 
11.33 -2.09 
25.00 -1.84 

11.74 -3.24 
9.80 -6.87 
9.80 -5.69 
8.50 -§.52 
7.41 -4€.50 

19.48 -2.69 
§.61 -1.82 

10.82 ~2.46 
41.67 -2.37 

190.48 -0.89 
93.75 -1.39 

148.15 -1.25 
166.67 -9.63 
125.398 -9.24 

STANDARD 

t
a
 

b
s
 

b
o
 

t~
s 

‘8
9 
D
H
 

So
 

Dy
 

G
 

Oy
 

I
 

b
a
l
a
 

d
o
t
a
 

d
o
n
e
 

mR 
to
 
H
h
 
H
H
 

&
 

H
R
A
A
A
N
H
 

A
D
 

b
m
 

MEAN 

0.00 
0.00 
0.00 
0.00 
9.00 
0.00 

0.90 
9.00 

0.00 
9.90 
2.00 
0.00 
0.00 

66.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.90 
0.00 

-~---RIGHT #AND---- 
Z-SCORE 

-10.00 
-10.00 
-10.00 
-10.00 
-10.00 
-10.00 

-10.00 
-10.00 
“10.07 

-10.00 
-10.00 
-10.00 
-10.00 
-4.21 

-10.00 
-10.00 
-10.00 
-10.00 
-10.00 
-10.00 
-10.00 
-10.00 
-10.00 
-10.00 

~10.00 
-10.00 

-10.00 
o.9d 

-10.00 
-10.00 
-10.00 
-10.00 
-10.00 

-10.00 
-10.00 
-i0.00 
-10.00 
-10.00 

C-3 
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Cla 
SLE 
Cav 
CuyY 

cL 
Clav 
CuUY 
SUV 

Cid 

CLV 

cuUv 

SUV 

Cad 
CLY 
CUV 
suv 

CLa 
SLE 
u¥ 

CUV 

SLID 
SLIDE 
SLIDE 
SLIDZ 

ROTARY 
ROTARY 
ROTARY 
ROTARY 

DETENT 
DETENT 
DETENT 
DETENT 

TOGGLE 
TOGGLE 
TOGGLE 
TOGGLE 

PUSH BUTTON 
PUSH BUTTON 
PUSH BUTTON 
PUSH BUTTON 

MEAN POSITION 

SCORES 

CLA 
SLE 
CLV 
CcUY 
SUV 

MEAN SUBSET 
SCORES 

SLIDE 
ROTARY 
DETENT 
TOGGLE 
PUSH BUTTON 

150.60 
75.00 
88.24 
0.00 

37.56 
15.09 
10.88 
35.42 
78.31 

eee SYITCHES *** 

HAND---~ 
Z-SCORE 

0.05 
-0.07 
-9.06 

"29.90 

-2.74 
“1.27 

-10.00 
-10.00 

-3.26 
-3.293 

-10.00 
-10.00 

~i.71 
-2.23 

~10.00 
. 710.00 

1.28 
-1.92 
-1.29 

-10.230 

-1.27 
~1.00 
~1.54 

-10.00 
-10.00 

“2.52 
-6.00 
-$.64 
-6.00 

-2.98 

STANDARD 

46.36 
51.94 
53.49 
61.57 

2.75 
$1.05 
$3.34 
$2.91 

44.26 
$2.70 
52.93 
$2.61 

107.33 
118.07 
121.83 
120.45 

121.44 
117.20 
126.76 
230.46 

MEIN 

a
9
a
0
 

8
 

Q
O
O
Q
9
0
 

D&D 
9
8
9
O
Q
 

9 
Q
a
a
g
 

S
a
q
g
 G93

 
Q
a
o
0
0
 8
 

.00 
00 
90 
90 

00 
00 
00 
00 

00 
90 
00 
-90 

.00 
00 
00 
00 

-00 
00 
.90 
-00 

.00 

.00 
CO 
.00 
.00 

----2I34T HAND---- 
Z-SCORE 

-~10.00 
-i0.00 
~i0.00 
-10.00 

~L0.00 
-10.00 
-10.00 
-10.00 

-10.90 
~i0.00 
-10.00 
-10.00 

-10.00 
-£0.00 
-10.00 
-10.00 

-10.90 
-10.00 
~i0.00 
-10.00 

“10,50 
-10.00 
-10.00 
-10.00 
~10.00 

-10.00 
-i0.00 
-10.00 
-10.00 
-10.00 
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see SETTINGS *** 

----- LEFT HAND---- STANDARD = ----R IGT HAND---- 
MEAN Z-SCORE MEAN «Z-SCORE 

CLH SLIDE 47.62 0.05 46.86 0.00 -10.00 
SLH SLIDE 50.00 -0.07 51.04 0.00 -10.00 
CLY SLIDE 52.63 -0.06 53.49 0.00 -10.00 
CUY SLIDE 0.00 -10.00 61.57 0.00 -i0.00 

Old 20 Tae7 23.33 -2.74 42.75 0.00 ~-10.00 
LY ROTARY 37.04 -1.27 51.05 0.00 -10.00 

CUV ROTARY 0.00 -10.00 53.34 0.00 -10.00 
SUV ROTARY 0.00 -20.90 52.91 0.00 -10.00 

CLa C&ANK 12.30 -1.77 36.25 0.00 -10.00 

CLY CRANK 38.89 0.39 34.11 0.00 -10.00 
CUY CRANK 0.00 -10.00 33.65 0.00 -10.00 
SUY CRANK 0.00 -10.00 32.79 0.00 10.00 

CLH BAL CRANK 20.37 -+0.71 28.91 0.00 -10.00 
SLE BAL CRANK 37.70 0.99 26.92 0.00 -10.90 
CLY BAL CRANK 14.38 -1.03 31.04 0.00 -10.00 
CUV BAL CRANK 0.00 .-10.90 27.86 0.00 -10.09 

CL HAND KNOB 26.88 -1.05 35.91 0.00 -10.00 
SLH HAND KNOB 22.22 -1.26 36.19 0.00 ~-10.00 
CLY HAND KNOB 40.74 0.22 38.29 0.00 10.00 
CUV HAND KNOB 0.00 -10.09 41.29 0.00 -10.00 
SUV HAND KNOB 0.00 10.00 40.99 0.00 -10.00 

MEAN POSITION 
SCORES 

CL -1.24 -10.00 
SLE -0.12 -10.00 
CLY -0.35 -10.00 
cUuV -10.00 -10.00 
suv -10.00 -10.00 

MEAN SUBSET 
SCORES 

SLIDE 37.56  =2.52 0.00 -10.00 
ROTARY 15.09 -6.00 0.00 -10.00 
CRANK 12.80 -5.35 0.00 -10.00 
BAL CRANX 18.11 -2.69 0.00 -10.00 
HAND XNOB 17.97 -4.42 0.00 -10.00



Cld 

CLY 

CuV 

SUV 

CLE 
Sig 
CLY 
CUV 

Cid 
SLE 
CLY 
cyuv 
SUV 

CRANK 
CRANK 
CRANK 
CRANE 

BAL CRANK 
BAL CRANK 
BAL CRANK 
BAL CRANK 

HAND KNOB 
HAND KNOB 
HAND KNOB 
HAND KNOB 
HAND XNOB 

MEAN POSITION 
SCORES 

CLa 
SLA 
CLV 
cuV 
SUV 

MEAN SUBSET 
SCORES 

CRANK 
BAL CRANK 
HAND KNOBS 

lol. 

41. 
36. 
J8. 

61. 
71.28 

23.22 

-30 
10 
00 
-90 

10 
-80 
80 

.00 

70 
00 
40 

-00 
-00 

35 

HAND --~~- 

Z-SCORE 

DY 
©
 
t
w
 

t
-
 

Q
A
a
o
a
n
n
 

Q
 

9
 

‘t
o 

be
e 

b
e
e
f
 

~2.38 
-2.71 
“1.3? 

~10.00 

-9.94 
“1.25 
-i.79 

-10.00 
“10.00 

-1.85 

-1.98 

-1.76 

-10.00 

“10.00 

-5.82 
“4.37 

-4.80 

ave RATES 

STANDARD 

167.40 
201.96 
177.36 
188.64 

184.56 
184.26 
191.16 
182.82 

62.52 
63.66 
64.74 
60.54 
71.10 

----RIGHT dAND---~- 
MEAN Z-SCORE 

0.00 -10.00 
0.00 -10.00 
0.00 -10.00 
0.00 -10.90 

0.00 -10.00 
0.00 -10.00 
0.00 -10.00 
0.00 -10.00 

0.00 -10.00 
0.00 -10.00 
0.00 -10.00 
0.90 ~10.00 
0.00 -10.00 

-10.00 
~10.00 
-10.00 
~10.900 
-10.00 

0.00 -10.00 
0.00 -10.00 
0.00 -10.00 

C-6 
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MOTION CLASS NUMERICAL SCORES 

MOTION CLASS --LérT HAND-- -~-RIGAT HAND: - 
fle -4.7940 -9. 9999 
(1-2) ~2.5313 -10.0000 
(2-8) -3.9483 ~9.99G9 
(2-1) ~5.7437 ~i0.0000 
(2-2) 73.2912 -10.0000 
(2-2) ~2. 7823 -10.0000 
(2-3) -2.3081 ~10.0000 
(3-1) ~2.35533 -10.0000 
(3-2) ~3.2507 -9.9998 
(3-2) ~7.3962 ~10.0000 
(3J~3) 4.2038 -9. 9999 
(4~1) 2.9446 -10.0000 
(4-2) -6.3804 ~10.0000 
(4-3) ~4.9654 ~I.IDGY 

AVERAGE -4.0994 -9. 9999 

MOTION CLASS INTERPRETATION 

  

FIRST NUMBER OF MOTION CLASS SECOND CHARACTER OF MOTION CLASS 

1 = fingers/knuckles 1 = linear notioa 

2 = hand/wrist 2 = potion on a plane 

3 = forearn/elbow Jj = metion in free space 

4 = upper arnzn/shoulder & = rotary motion 

C-7 
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APPENDIX D 

Data Entry Screens for the Updated Scoring System 

Please note: 

The following sections of screen would be one screen on the worksheet. 
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NORM1.XLS 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

  

  

  

Position | Type Left Hand 
“number of trials” |“total time” 

CLH Slide 6 11 

CLH Rotary 10 25 

CLH Detent 10 23 

CLH Toggle 17 18 
CLH Push Button 8 10 

SLH Slide 6 8 

SLH Push Button 9 8 

CLV Slide 6 6 

CLV Rotary 10 20 
CLV Detent 10 18 

CLV Toggie 18 18 
CLV Push Button 9 10 

CUV Slide 6 7 

CUV Rotary 10 20 

CUV Detent 10 18 

CUV Toggle 18 19 

CUV Push Button 9 8 

SUV Rotary 10 18 

SUV Detent 10 20 

SUV Toggle 18 16 

SETTINGS Trial 1|Trial 2 Trial 3 

CLH Crank 3 7 3 

CLH Bal Crank 2 4 4 

CLH Hand Knob 3 3 3 

SLH Bal Crank 4] 3 5 
SLH Hand Knob 3 2 4 
CLV Crank 3 4 4 

CLV Bal Crank 3 3 4 

CLV Hand Knob 2 3 3 

CUV Crank 4 3 5 

CUV Bal Crank 3 4 4 

CUV Hand Knob 2 2 2 

SUV Crank 3 5 5 

SUV Hand Knob 2 3 2 
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NORM1.XLS 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Right Hand Mean Score Left [2-Score Left 
“number of trials"| "total time” 

6 12 90.91 2.94 

10 39 66.67 3.22 

10 22 72.46 4.51 

18 15 157.41 2.41 

9 7 133.33 0.21 

6 10 125.00 3.69 

9 8 187.50 2.99 

6 8 166.67 6.33 

10 19 83.33 3.61 

10 18 92.59 4.72 

18 18 166.67 2.95 

9 7 150.00 1.45 

6 6 142.86 3.92 

10 19 83.33 3.66 

10 16 92.59 4.88 

18 14 157.89 2.13 

9 5 187.50 1.95 

10 17 92.59 4.20 

10 18 83.33 3.30 

18 18 187.50 3.81 

Trial 1| Trial 2 Trial 3 

3 6 3 44.97 1.00 

2 § 4 55.56 2.36 

3 3 2 55.56 2.37 

3 4 3 43.52 1.19 

4 3 3 60.19 2.24 

3 3 3 46.30 1.22 

5 3 5 50.93 1.33 

3 3 5 64.81 2.78 

6 5 5 43.52 0.64 

4 5 5 46.30 1.28 

3 3 2 83.33 3.85 

4 3 4 40.74 0.57 

3 4 2 74.07 2.51 
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NORM1.XLS 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Mean Score Right |Z-Score Right 

83.33 2.40 
42.74 -0.08 

75.76 5.03 
200.00 4.33 

214.29 3.12 
100.00 2.32 
187.50 2.99 
125.00 3.90 
87.72 4.10 
92.59 4.72 

166.67 2.95 
214.29 4.27 
166.67 5.12 
87.72 4.17 

104.17 6.26 

214.29 4.92 
300.00 5.88 

98.04 4.79, 
92.59 4.31 

166.67 2.65 

46.30 1.12 
52.78 2.09 
64.81 3.40 
50.93 1.89 

50.93 1.37 
55.56 2.13 
40.74 0.57 
48.15 1.06 

31.48 -0.31 

36.11 0.39 
64.81 2.21 

46.30 1.03 
60.19 1.49 
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APPENDIX E 

Example of New AMI Scoring System Report 

This is a randomly chosen data profile used to exhibit the basic report parameters of the 

updated AMI scoring system. The numerical reports generated are identical to the 

current system. The grapics are new additions which are used to show the client’s scores 

in relation to the position on the test frame for the switches, rates and settings. The 

motion class, strength and reaction graphics are identical to the current system. 
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(SWITCHES) 
CLH SLIDE 
CLH ROTARY 
CLH DETENT 
CLH TOGGLE 
CLH PUSH BUTTON 
SLH SLIDE 
SLH PUSH BUTTON 
CLV SLIDE 
CLV ROTARY 
CLV DETENT 
CLV TOGGLE 
CLV PUSH BUTTON 
CUV SLIDE 
CUV ROTARY 
CUV DETENT 
CUV TOGGLE 

CUV PUSH PUTTON 
SUV ROTARY 
SUV DETENT 
SUV TOGGLE 

(SETTINGS) 
CLH CRANK 
CLH BAL CRANK 

CLH HAND KNOB 
SLH BAL CRANK 
SLH HAND KNOB 
CLV CRANK 

CLV BAL CRANK 
CLV HAND KNOB 

CUV CRANK 
CUV BAL CRANK 

CUV HAND KNOB 
SUV CRANK 
SUV HAND KNOB 

LEFT HAND 
MEAN Z-SCORE ~ 

90.91 2.94 
66.67 3.22 
72.46 4.51 

157.41 2.41 
133.33 0.21 
125.00 3.69 
187.50 2.99 
166.67 6.33 
83.33 3.61 
92.59 4.72 

166.67 2.95 
150.00 1.45 
142.86 3.92 
83.33 3.66 
92.59 4.88 

157.89 2.13 

187.50 1.95 
92.59 4.20 
83.33 3.30 

187.5¢ 3.81 

44.97 1.00 
55 56 2.36 

55.56 2.37 
43.52 1.19 
60.19 2.24 
46.30 1.22 
50.93 1.33 

64.81 2.78 
43.52 0.64 

46.30 1.28 
83.33 3.85 

40.74 0.57 
74.07 2.51 

Summary.Scores 

Page 1 

STANDARD 

49.476 
43.283 
43.969 

104.253 
127.596 
57.701 

116.329 
58.256 
51.584 
51.585 

112.359 
116.974 
64.788 
52.072 
51.605 

115.011 

131.629 
53.886 
53.173 

119.232 

33.839 
30.967 

34.191 
30.855 
36.255 
33.861 
33.009 

37.824 
35.423 
31.625 
39.880 

33.855 
39.853 

RIGHT HAND 
MEAN 

83.33 
42.74 

75.76 
200.00 
214.29 
100.00 
187.50 
125.00 
87.72 
92.59 

166.67 
214.29 
166.67 
87.72 

104.17 

214.29 
300.00 
98.04 
92.59 

166.67 

46.30 
52.78 
64.81 
50.93 
50.93 
55.56 
40.74 

48.15 

31.48 
36.11 
64.81 

46.30 
60.19 

Z-SCORE 

2.40 
-0.08 
5.03 
4.33 
3.12 
2.32 
2.99 

3.90 
4.10 
4.72 
2.95 
4.27 

§.12 
4.17 

6.26 
4.92 

5.88 
4.79 
4.31 
2.65 

1.12 
2.09 
3.40 
1.89 
1.37 
2.13 

0.57 

1.06 
-0.31 
0.39 
2.21 

1.03 
1.49 
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(RATES) 
CLH CRANK 

CLH BAL CRANK 
CLH HAND KNOB 
SLH BAL CRANK 
SLH HAND KNOB 
CLV CRANK 
CLV BAL CRANK 
CLV HAND KNOB 
CUV CRANK 

CUV BAL CRANK 
CUV HAND KNOB 

SUV CRANK 
SUV HAND KNOB 
FOOT SWITCH 

(STRENGTH) 
PINCH 
GRIP 
ATQ SUPINATION 
ATQ PRONATION 
AFV UP 
AFV DOWN 
AFL LATERAL 
AFL MEDIAL 
AFL PUSH 
AFL PULL 

(ASSEMBLY) 
PLATES 

SPACERS 

FLAT WASHERS 

LOCK WASHERS 
HEX NUTS 

GROMMETS 
POSITIONING 

BOLTS 
DRILL 

(REACTION) 
LATERAL R 

TRANSVERSE R 
LATERAL M 
TRANSVERSE M 
REACTION TIME 

Summary.Scores 

LEFT HAND 
MEAN Z-SCORE STANDARD 

149.40 -0.71 177.080 

142.50 -1.42 198.440 
96.90 1.23 68.420 

136.50 -1.37 200.540 
87.30 0.65 71.460 

147.00 -1.44 208.010 
142.20 -1.42 206.320 
104.70 1.27 75.220 
151.80 -0.86 186.600 
149.10 -1.29 200.580 
105.30 1.53 69.960 
134.70 -1.57 192.970 
98.10 0.51 84.400 
0.00 -3.84 214.636 

18.50 -0.58 22.245 
36.60 -0.92 78.707 
112.50 -0.21 125.663 
150.00 0.30 132.438 

57.41 1.27 38.360 
54.00 0.77 42.796 
54.00 0.96 37.317 
45.47 0.29 40.306 

71.62 0.94 50.963 
103.45 1.64 60.328 

46.30 3.35 26.443 

55.56 3.78 37.951 

55.56 3.50 37.508 
52.08 5.95 28.775 

29.76 2.25 20.593 
39.68 2.12 30.308 

13.02 4.54 7.971 
32.05 2.65 20.283 

93.75 2.10 68.495 

260.87 -0.06 268.664 

375.00 1.57 220.292 
375.00 1.02 258.338 
352.94 0.63 260.113 
186.77 0.75 150.614 

Page 2 

RIGHT HAND 
MEAN 

140.10 

143.10 
97.80 

139.50 
92.10 

144.30 

140.40 
90.30 

142.20 
146.40 
82.20 

149.10 
106.80 

0.00 

23.00 
72.50 

136.36 
129.54 
55.14 

57.41 
45.47 
71.90 
63.66 

105.73 

34.72 
46.30 

59.52 
37.88 

28.74 
39.68 
11.42 
29.76 

100.00 

255.32 
363.64 

324.32 
342.86 
186.05 

Z-SCORE 

-0.94 

-1.40 
1.27 

-1.30 
0.85 

-1.51 

-1.46 
0.65 
-1.10 
-1.36 
0.53 

-1.18 
0.34 
-3.84 

0.12 
-0.25 
0.17 
-0.05 
1.12 
1.01 

0.47 
1.76 
0.58 
1.73 

1.40 
1.79 

4.27 
2.32 
2.00 
2.12 

3.09 
2.13 

2.62 

-0.11 

1.46 
0.58 

0.56 
0.73 
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CLH SLIDE 
SLH SLIDE 
CLV SLIDE 
CUV SLIDE 

CLH ROTARY 

CLV ROTARY 
CUV ROTARY 
SUV ROTARY 

CLH DETENT 
CLV DETENT 
CUV DETENT 
SUV DETENT 

CLH TOGGLE 
CLV TOGGLE 
CUV TOGGLE 
SUV TOGGLE 

CLH PUSH BUTTON 
SLH PUSH BUTTON 
CLV PUSH BUTTON 
CUV PUSH BUTTON 

MEAN POSITION 
SCORES 

CLH 
SLH 

CLV 
CUV 
SUV 

MEAN SUBJECT 
SCORES 

SLIDE 
ROTARY 

DETENT 

TOGGLE 
PUSH PUTTON 

Summary.Scores 

LEFT HAND 

MEAN Z-SCORE 
90.91 2.94 

125.00 3.69 
166.67 6.33 
142.86 3.92 

66.67 3.22 
83.33 3.61 
83.33 3.68 
92.59 4.20 

72.46 4.51 
92.59 4.72 
92.59 4.88 
83.33 3.30 

157.41 2.41 
166.67 2.95 
157.89 2.13 
187.50 2.81 

133.33 0.21 
187.50 2.99 

150.00 1.45 
187.50 1.95 

2.66 
3.34 
3.81 
3.31 
3.77 

131.36 4.22 
81.48 3.67 
85.25 4.35 

167.37 2.82 
164.58 1.65 
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SWITCHES 

STANDARD 
49.476 

57.701 

58.256 
64.788 

43.283 

51.584 
52.072 

53.886 

43.969 
51.585 
51.605 
53.173 

104.253 
112.359 
115.011 
119.232 

127.596 
116.329 

116.974 
131.629 

RIGHT HAND 
MEAN 

83.33 

100.00 
125.00 
166.67 

42.74 
87.72 
87.72 
98.04 

75.76 
92.59 

104.17 
92.59 

200.00 
166.67 
214.29 
166.67 

214.29 
187.50 

214.29 
300.00 

118.75 
79.05 

91.28 
186.90 
229.02 

Z-SCORE 

2.40 

2.32 
3.90 
5.12 

-0.08 
4.10 
4.17 
4.79 

5.03 
4.72 
6.26 
4.31 

4.33 
2.95 
4.92 
2.65 

3.12 
2.99 
4.27 
5.88 

2.96 
2.65 
3.99 
5.27 
3.92 

3.43 
3.25 
5.08 
3.71 
4.06 
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CLH SLIDE 
SLH SLIDE 
CLV SLIDE 
CUV SLIDE 

CLH ROTARY 
CLV ROTARY 
CUV ROTARY 

SUV ROTARY 

CLH CRANK 
CLV CRANK 
CUV CRANK 
SUV CRANK 

CLH BAL CRANK 
SLH BAL CRANK 
CLV BAL CRANK 

CUV BAL CRANK 

CLH HAND KNOB 
SLH HAND KNOB 
CLV HAND KNOB 
CUV HAND KNOB 
SUV HAND KNOB 

MEAN POSITION 
SCORES 

CLH 

SLH 
CLV 

CUV 
SUV 

MEAN SUBJECT 

SCORES 

SLIDE 
ROTARY 

CRANK 
BAL CRANK 
HAND KNOB 

Summary.Scores 

LEFT HAND 

MEAN Z-SCORE 
90.91 2.94 
125.00 3.69 
166.67 6.33 

142.86 3.92 

66.67 3.22 

83.33 3.61 
83.33 3.66 
92.59 4.20 

44.97 1.00 
46.30 1.22 
43.52 0.64 
40.74 0.57 

55.56 2.36 
43.52 1.19 
50.93 1.33 
46.30 1.28 

55.56 2.o7 
60.19 2.24 
64.81 2.78 
83.33 3.85 
74.07 2.51 

2.38 

2.37 
3.05 

2.67 
2.43 

43.88 4.22 
35.19 3.67 

43.88 0.86 
49.07 1.54 
67.59 2.75 

Page 4 

SETTINGS 

STANDARD 
49.476 
57.701 
58.256 
64.788 

43.283 
51.584 
52.072 
53.886 

33.839 
33.861 
35.423 
33.855 

30.967 

30.855 
33.009 
31.625 

34.191 
36.255 
37.824 
39.880 
39.853 

RIGHT HAND 
MEAN 

83.33 
100.00 
125.00 
166.67 

42.74 
87.72 
87.72 
98.04 

46.30 
55.56 
31.48 
46.30 

52.78 
50.83 
40.74 
36.11 

64.81 
50.93 
48.15 
64.81 
60.19 

118.75 
79.05 
44.91 
45.14 
57.78 

Z-SCORE 
2.40 
2.32 
3.90 
5.12 

-0.08 
4.10 
4.17 
4.79 

1.12 
2.13 
-0.31 
1.03 

2.09 
1.89 
0.57 
0.39 

3.40 
1.37 
1.06 
2.21 
1.49 

1.79 
1.86 
2.35 
2.32 
2.44 

3.43 
3.25 

0.99 
1.24 
1.91 
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CLH CRANK 
CLV CRANK 
CUV CRANK 
SUV CRANK 

CLH BAL CRANK 
SLH BAL CRANK 
CLV BAL CRANK 
CUV BAL CRANK 

CLH HAND KNOB 
SLH HAND KNOB 
CLV HAND KNOB 
CUV HAND KNOB 
SUV HAND KNOB 

MEAN POSITION 
SCORES 

CLH 
SLH 

CLV 

CUV 
SUV 

MEAN SUBJECT 
SCORES 

CRANK 
BAL CRANK 

HAND KNOB 

Summary.Scores 

LEFT HAND 
MEAN Z-SCORE 

149.40 -0.71 
147.00 -1.44 

151.80 -0.86 
134.70 -1.57 

142.50 -1.42 
136.50 -1.37 
142.20 -1.42 
149.10 -1.29 

96.90 1.23 
87.30 0.65 

104.70 1.27 
105.30 1.53 
98.10 0.51 

-0.30 
-0.36 
-0.53 

-0.21 
-0.53 

145.73 -1.14 
142.58 -1.37 

98.46 1.04 

Page 5 

RATES 

STANDARD 
177.080 
208.010 

186.600 
192.970 

198.440 
200.540 
206.320 
200.590 

68.420 
71.460 

75.220 
69.960 
84.400 

RIGHT HAND 
MEAN 

140.10 
144.30 

142.20 
149.10 

143.10 
139.50 
140.40 
146.40 

97.80 
92.10 
90.30 
82.20 

106.80 

143.93 
142.35 

93.84 

Z-SCORE 
-0.94 
-1.51 

-1.10 
-1.18 

-1.40 
-1,30 
-1.46 
“1.36 

1.27 
0.85 
0.65 
0.53 
0.84 

-0.36 
-0.23 

-0.77 

-0.64 
-0.17 

-1.18 
-1.38 
0.83 
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Position.Graph 

  

  

Z
-
S
C
O
R
E
 

SWITCHES 

   

      

RIGHT HAND 

LEFT HAND   
  

POSITION oy CLH 

LEFT HAND RIGHT HAND 

SUV 3.77 3.92 

SLH 3.34 2.65 

CUV 3.31 5.27 

CLV 3.81 3.99 

CLH 2.66 2.96 
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Position.Graph 

  

  

Z
-
S
C
O
R
E
 

SETTINGS 

   

      

RIGHT HAND 

LEFT HAND 

CLV 
POSITION CLH     

LEFT HAND RIGHT HAND 
SUV 2.43 2.44 
SLH 2.37 1.86 
CUV 2.67 2.32 
CLV 3.05 2.35 
CLH 2.38 1.79 

Page 2 
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Z-
SC
OR
E 

   

      

RIGHT HAND 

LEFT HAND 

POSITION my CLH     

LEFT HAND RIGHT HAND 
SUV -0.53 -0.17 
SLH -0.36 -0.23 
CUV -0.21 -0.64 
CLV -0.53 -0.77 
CLH -0.30 -0.36 
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MotionClass.Scores 

MOTION CLASS NUMERICAL SCORES 

MOTION CLASS 

(1-1) 
(1-2) 
(1-R) 
(2-1) 
(2-2) 
(2-R) 
(2-3) 
(3-1) 
(3-2) 
(3-R) 
(3-3) 
(4-1) 
(4-2) 
(4-3) 

AVERAGE 

MOTION CLASS INTERPRETATION 

FIRST NUMBER OF MOTION CLASS 

1 = fingers/knuckles 

2 = hand/wrist 

3= forearm/elbow 

4 = upper arm/shoulder 

LEFT HAND 

3.4693 
3.9454 
2.5801 
2.3441 
3.0529 
2.2906 
3.0535 

2.7614 
1.2131 
3.0180 
2.8219 
3.2551 
0.4937 

2.6275 

2.6376 

RIGHT HAND 
3.0576 
2.2487 
1.7966 
1.7220 
1.8991 
2.0682 
1.7105 
3.1325 
1.4963 
3.0128 
2.6584 
3.2038 
0.5118 

2.9331 

2.2464 

SECOND CHA TER OF MOTION 

Page 1 

1 = linear motion 

2 = motion on a plane 

3 = motion in free space 

R = rotary motion 
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MotionClass.Scores 

  

  

Mo
ti
on
 
Cl

as
s 

De
sc
ri
pt
io
n 

Motion Class Scores 

  

      
  

  
@ RIGHT HAND 

MLEFT HAND     

    

0.0000 0.5000 1.0000 15000 2.0000 2.5000 3.0000 3.5000 4.0000 

Score     

MOTION CLASS LEFT HAND RIGHT HAND 

(1-1) 
(1-2) 
(1-R) 
(2-1) 
(2-2) 
(2-R) 
(2-3) 
(3-1) 
(3-2) 
(3-R) 
(3-3) 
(4-1) 
(4-2) 
(4-3) 

3.4693 

3.9454 
2.5801 

2.3441 

3.0529 
2.2906 
3.0535 
2.7614 
1.2131 
3.0180 
2.8219 
3.2551 
0.4937 
2.6275 

Page 2 

3.0576 

2.2467 
1.7966 

1.7220 

1.8991 
2.0682 
1.7105 

3.1325 
1.4963 

3.0128 

2.6584 
3.2038 
0.5118 
2.9331 
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STRENGTH.GRAPH 

  

  

Z
-
S
C
O
R
E
 

STRENGTH 

  

  

  

  
  

  

  

  

  
@ LEFT HAND 

RIGHT HAND 
  

    

        
  

  

STRENGTH SCORES 

LEFT HAND RIGHT HAND 
1 -0.57686383 
2 -0.17716533 
3 0.569538427 
4 0.965499876 

0.116296981 
0.238009704 
0.627016777 
1.124863392 
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REACTION.GRAPH 

  

REACH REACTION 

  

M
O
T
I
O
N
 
T
Y
P
E
 

  

  

  

    

  

            

-0.20 0.00 0.20 0.40   0.60 0.80 1.00 

2-SCORE 

1.20 1.40 1.60 

  

  
@ RIGHT HAND 

@ LEFT HAND 
  

  

REACH/REACTION SCORES 

LATERAL REACH LR 
TRANSVERSE RE TR 

LATERAL MOVE LM 
TRANSVERSE MO TM 
REACTION TIME RT 

LEFT HAND RIGHT HAND 
-0.06 
1.57 
1.02 
0.63 

0.75 

Page 1 

0.11 
1.46 
0.58 
0.56 
0.73 
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APPENDIX F 

Example of Initial Spreadsheet Validation 
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LEFT HAND 2-SCORES 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

NEW SYSTEM |OLD SYSTEM |DIFFERENCE 

1 2.94 2.94 0.00 

2 3.22 3.22 0.00 

3 4.51 4.51 0.00 

4 2.41 2.41 0.00 

5 0.21 0.21 0.00 

8 3.69 3.69 0.00 

T 2.99 2.99 0.00 

8 6.33 6.32 0.01 

9 3.61 3.61 0.00 

10 4.72 4.72 0.00 

11 2.95 2.95 0.00 

12 1.45 1.45 0.00 

13 3.92 3.92 0.00 

14 3.66 3.66 0.00 

15 4.88 4.88 0.00 

18 2.13 2.13 0.00 

17 1.95 1.95 0.00 

18 4.20 4.20 0.00 

19 3.30 3.30 0.00 

20 3.81 2.81 0.00 

21 1.00 1.00 0.00 

22 2.36 2.36 0.00 

23 2.37 2.37 0.00 

24 1.19 1.19 0.00 

25 2.24 2.24 0.00 

26 1.22 1.22 0.00 

2/7 1.33 1.33 0.00 

28 2.78 2.78 0.00 

29 0.64 0.64 0.00 

30 1.28 1.28 0.00 

31 3.85 3.85 0.00 

32 0.57 0.57 0.00 

33 2.51 2.51 0.00 

34 -0.71 -0.71 0.00 

35 -1.42 -1.42 0.00 

36 1.23 1.23 0.00 

37 -1.37 -1.43 0.06 

38 0.65 1.02 -0.37 

39 -1.44 -1.44 0.00 

40 -1.42 -1.42 0.00 

41 1.27 1.27 0.00 

42 -0.86 -0.86 0.00 

43 -1.29 -1.29 0.00           
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44 1.53 1.53 0.00 
45 -1.57 -1.57 0.00 
46 0.51 0.51 0.00 
47 -3.84 -3.84 0.00 
48 -0.58 -0.58 0.00 
49 -0.92 -0.92 0.00 
50 0.05 -0.21 0.26 
51 0.68 0.30 0.38 
52 1.27 1.27 0.00 
53 0.77 0.77 0.00 

54 0.96 0.96 0.00 
55 0.29 0.29 0.00 

56 0.94 0.94 0.00 
57 1.64 1.64 0.00 
58 3.35 3.35 0.00 
59 3.78 3.78 0.00 
60 3.50 3.50 0.00 
61 5.95 5.95 0.00 
62 2.25 2.25 0.00 
63 2.12 2.12 0.00 
64 4.54 4.54 0.00 
65 2.65 2.85 0.00 
66 2.10 2.10 0.00 
67 -0.06 -0.06 0.00 
68 1.57 1.57 0.00 
69 0.83 0.83 0.00 
70 0.63 0.63 0.00 
71 0.75 0.75 0.00 

MC1 3.47 3.48 -0.01 
MC2 3.95 3.94 0.01 
MC3 2.58 2.62 -0.04 
MC4 2.34 2.34 0.00 
MC5 3.05 3.05 0.00 
MC6 2.29 2.33 -0.04 
MC7 3.05 3.05 0.00 
MC8 2.83 2.76 0.07 
MC9 1.21 1.21 0.00 

MC10 3.02 3.02 0.00 
MC11 2.81 2.81 0.00 
MC12 3.26 3.26 0.00 
MC13 0.49 0.49 0.00 
MC14 2.62 2.62 0.00           
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RIGHT HAND Z-SCORES 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

NEW SYSTEM |OLD SYSTEM |DIFFERENCE 

1 2.40 2.40 0.00 

2 -0.08 -0.08 0.00 

3 5.03 5.03 0.00 

4 4.33 4.33 0.00 

3 3.12 3.12 0.00 

6 3.69 3.69 0.00 

7 2.99 2.99 0.00 

8 3.90 3.88 0.02 

9 4.10 4.10 0.00 

10 4.72 4.72 0.00 

11 2.95 2.95 0.00 

12 4.27 4.27 0.00 

13 $.12 §.12 0.00 

14 4.17 4.17 0.00 

1§ 6.26 6.26 0.00 

16 4.92 4.92 0.00 

17 5.88 §.88 0.00 

18 4.79 4.79 0.00 

19 4.31 4.31 0.00 

20 2.65 2.65 0.00 

21 1.12 1.12 0.00 

22 2.09 2.09 0.00 

23 3.40 3.40 0.00 

24 1.89 1.89 0.00 

25 1.37 1.37 0.00 

26 2.13 2.13 0.00 

27 0.57 0.57 0.00 

28 1.06 1.06 0.00 

29 -0.31 -0.31 0.00 

30 0.39 0.39 0.00 

31 2.21 2.21 0.00 

32 1.03 1.03 0.00 

33 1.49 1.49 0.00 

34 -0.94 -0.94 0.00 

35 -1.40 -1.40 0.00 

36 1.27 1.27 0.00 

37 -1.30 -1.30 0.00 

38 0.85 0.83 0.02 

39 -1.51 -1.51 0.00 

40 -1.46 -1.46 0.00 

41 0.65 0.65 0.00 

42 -1.10 -1.10 0.00 

43 -1.36 -1.36 0.00           
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44 0.53 0.53 0.00 

45 -1.18 -1.18 0.00 

46 0.84 0.84 0.00 

47 -3.84 -3.84 0.00 

48 0.12 0.12 0.00 

49 -0.25 es) 0.00 

50 0.17 0.17 0.00 

51 -0.05 -0.05 0.00 

52 1.12 1.12 0.00 

53 1.01 1.01 0.00 

54 0.47 0.47 0.00 

55 1.76 1.76 0.00 

56 0.58 0.58 0.00 

57 1.73 1.73 0.00 

58 1.40 1.40 0.00 

59 1.79 1.79 0.00 

60 4.27 4.27 0.00 

61 2.32 2.32 0.00 

62 2.00 2.00 0.00 

63 <.12 2.12 0.00 

64 3 09 3.09 0.00 

65 2.13 2.13 0.00 

66 0.31 0.31 0.00 

67 -0.11 -0.11 0.00 

68 1.46 1.46 0.00 

69 0.58 0.58 0.00 

70 0.56 0.56 0.00 

71 0.73 0.73 0.00 

MC1 3.09 3.08 0.01 

MC2 2.25 2.25 0.00 

MC3 1.80 1.80 0.00 

MC4 1.62 1.62 0.00 

MC5 1.90 1.90 0.00 

MC6 2.07 2.07 0.00 

MC7 1.71 1.70 0.01 

MC8& 3.21 3.13 0.08 

MC9 1.50 1.50 0.00 

MC10 3.01 3.01 0.00 

MC11 2.52 2.50 0.02 

MC12 3.80 3.80 0.00 

MC13 0.55 0.55 0.00 

MC14 2.48 2.48 0.00     
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APPENDIX G 

Example Experimental Packet: includes written instructions, data profiles, sub-test 

descriptions, job descriptions, analysis sheet, contact sheet, LH/RH charts for job profiles 

and exit questionnaire 
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AVAILABLE MOTIONS INVENTORY DATA 

ANALYSIS SYSTEM 

DATA PROFILE ASSESSMENT 

AND QUESTIONNAIRE 

Thank you for participating in this research. This study is being conducted by the 

Virginia Engineering Assessment Center (VEAC) of the Human Factors Engineering 

Center at Virginia Tech. The experiment is being conducted by Robert Nerhood as part of 

his Masters' Thesis requirements. The experiment is being supervised by Prof. Paul 

Kemmerling; an associate professor in the Department of Industrial and Systems 

Engineering and Associate Director of the VEAC. 

The purpose of this research is to validate an updated data analysis system for the 

Available Motions Inventory(AMI). The AMI is a quantitative assessment device 

developed by Wichita State University and the Cerebral Palsy Foundation(CPR) of 

Kansas, Inc. The purpose of the AMI is to evaluate the residual capabilities of a disabled 

individual and to determine if the level of the capabilities is such that the individual could 

be placed in a working environment. The following section is a brief description and 

introduction to the AMI. 

The Available Motions Inventory. 

The assessment consists of a single evaluation session of approximately four hours. 

Dr. Don Malzahn (1982), a professor of Industrial Engineering at Wichita State University 

and one of the primary designers of the AMI, states that "the current configuration for the 

AMI as a testing and evaluation system falls somewhere between pure anthropometric 

data and work samples." The AMI evaluation includes 71 subtests which encompass a 

wide variety of tests and activities. These subtests were developed by surveying the 
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predominantly light manufacturing working environment in the Wichita area to determine 

the task requirements which were used to develop the AMI test modules. The various 

subtests evaluate the client's capabilities based on strength, accuracy, and/or rate of 

performance. 

  
Figure 1. Picture of AMI Test Frame. 

The first step of the procedure is to interview the prospective client to determine 

the level of impairment. Then, measurements of the subject's elbow height and maximum 

reach are taken in order to properly set the height of the AMI test frame. The test frame is 

the primary test location for the AMI. A picture of the frame is shown in Figure 1. The 

frame is adjustable in height and testing is completed in four planar locations--the vertical 
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plane directly in front of the client, the horizontal plane in front of the client, and at the left 

and right hand extremes where the frame is at a 45° angle to the vertical plane. The test 

frame is 25" in height with a range of motion of 33". In other words the lowest position 

that the bottom of the frame can reach is 12" above the floor and the highest is 45" above 

the floor. The width of the frame is 38" across the vertical plane ranging to a total of 58" 

including the angled sides. The sides extend 10" outward from the vertical plane. The 

horizontal plane extends out 14" from the vertical plane. Figure 2 shows a simple 

schematic of the frame with its dimensions. 

  

    
  

                

            

SUV CUV SUV 

1 2 3 
“4 5 6 

SLV CLV SLV 

| a S 

send su _ 
7 8 9 

Figure 2. AMI Test Frame and test panel arrangements: side upper vertical (SUV), 
center upper vertical (CUV), center lower vertical (CLV), side lower horizontal 
(SLH),and center lower horizontal (CLH). 
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Once the frame has been set up, the client's capabilities are evaluated using a 

series of tests which monitor his or her ability to turn knobs, actuate switches, and push 

buttons. Test modules for assessing tasks involving switches, settings, rate, and strength 

are placed in specified positions on the frame. Each test module is a 12" by 12" panel with 

a different interface option. The panels can be placed in any position on the frame to test 

the client's capabilities in all planes. The possible test configurations are labeled in Figure 

2. 

The switches consist of slides, rotary, rotary detent, toggle, and push-button 

switches. These panels test the client's capabilities to interface with different controls that 

may be seen in a manufacturing environment. The number of correct actuations and the 

time to complete are recorded. The rate and setting modules consist of a crank, a balance 

crank, and a hand knob. These are used to test the client's accuracy at setting a value 

using the interface. They also test the rate at which the client can turn the cranks. With 

the settings the time to complete each setting is recorded, while with the rates the number 

of revolutions in a 10 second trial is recorded. The final item tested on the frame is the 

client's strength. Dependent on the handle used, the client's strength in the up, down, left, 

right, push, and pull directions can be tested. Additionally, the torque the client generates 

in the clockwise and counterclockwise directions is measured. The final components of 

the strength test are performed using separate tools to determine the client's pinch and grip 

strength. Strength is recorded in units of foot pounds. 

Next, the subject will be asked to perform some basic manufacturing tasks at a 

work bench simulation. Tasks include assembly of metal plates using a variety of fasteners 

and a drilling operation. The client is timed in the assembly tasks and values for the 
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number of correct actuations and the time required are recorded. The final assessment 

involves testing the subject's rate of reaction and response to aural and visual stimuli. The 

times for reaction and response are recorded. 

The data generated from the subject are then entered into an analysis system which 

provides ability and motion class scores. The subject's scores are compared to a mean 

developed at the CPR based on a normal population. Scores are measured in terms of 

standard deviations (SD) from the mean. Consider the fact that 99.97 % of the general 

population for characteristics, such as height, weight, or reaction time, are enclosed within 

the range of -3 to +3 standard deviations. Using this scoring system, a score of zero SD 

or higher represents an above average score or a score which is higher than 50 percent of 

the population. Dr. Malzahn (1982) has found in his work with the AMI that the 

following scoring paradigm exists. 

"In general, experience has shown that an index below (-5) makes it very difficult 

for an individual to perform even at a minimal level without major modifications 

specific to a particular person-job combination. An index above (-3) indicates that 

little or no modification is necessary if the client can achieve the tasks." 

Subject Tasks. 

This research will consist of this one hour orientation session followed by an 

evaluation period where you will analyze a series of data profiles. The purpose of the 

orientation will be to explain the research, the AMI, and the tasks which you will be asked 

to complete. You have received written instructions. Please read over them if you agree 

to participate. You are free to stop the experimenter at any time to withdraw or ask 

questions. 
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The session consists of a twenty minute video or slide presentation which will 

explain the AMI. Topics covered include the AMI's development, each of the subtests, 

and how the data are used to develop a client profile. There will be an introduction to the 

scoring paradigms of the AMI, the impairment descriptors, and the task options which 

comprise the experiment in which you are participating. 

The scoring system for the AMI is based on the mean of a "normal" population 

with the standard deviation being the measure of comparison. For example the standard 

score for a task may be 75.555. A client could receive a score of -4.5, this would 

represent a score of 4.5 standard deviations in the negative direction away from the mean 

or standard. As a point of reference, remember that 99.97% of the characteristics, e.g. 

height, of the general population fall within (+/-) 3 standard deviations. The AMI 

paradigm for placement as detined above consists of the following synopsis: 

Score(S.D.) Description 

-3 or above Indicates that little or no modification is necessary. 
-5 or below Makes it very difficult for an individual to perform even 

at a minimal level without major modifications specific to 
a particular person-job combination. 

The task you will be asked to perform will consist of analyzing a data profile and 

then answering two questions concerning the client. First, you will be asked to define, to 

the best of your abilities, the capabilities and disabilities of the client for characteristics 

such as range of motion and physical limitations based on the data profile. Then, you must 

determine in which job category you would place the client based on the scores and your 

expertise. 

There are four possible tasks in which the client can be placed. 
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A=No placement possible, or placement not feasible. 
B = Loading and operating a punch press. 

C = Bench top manufacturing of a vice grip head. 
D = Employment as a pizza chef in a restaurant. 

Finally, if you have any comments concerning the client please feel free to note them in the 

space available. Please remember that there is no right or wrong answer. All answers 

need to be based on your expert knowledge and opinion as to the placement of the client 

into a task. 

The next step will be to work through an example data profile with the 

experimenter. This will allow you to see the various facets of the AMI applied to a "real 

world" case. Hopefully, this will clarify any questions which you might have. However, 

please remember to ask any questions that may arise during the session. One thing that 

cannot be emphasized enough ts the fact that there is no correct or incorrect answer. The 

analysis of the data profiles is based solely on your expertise and knowledge in the 

placement of disabled individuals in the workplace which is why you were approached to 

participate. 

You will receive an experimental packet. Each packet contains written 

instructions, a scoring profile descriptor, a summary description of the subtests, the four 

job candidate profiles with left-hand/right hand charts, twelve data profiles with analysis 

sheets, an exit questionnaire, an experimenter contact sheet, and a pre-paid, addressed, 

return envelope. You will be asked to complete the data profiles and analysis sheets at 

your convenience. 

143



Upon completion of the data profiles please answer the questionnaire. This is 

designed to provided the groundwork for possible future research efforts involving this 

topic. When you have completed the task return the packet to the experimenter in the 

enclosed envelope. If possible we would prefer to have you perform the tasks and return 

this data to the experimenter postmarked no later than Friday, June 17. Upon return of 

your completed packets I will mail you a Gift Certificate in return for your participation. 

We realize that your time is very valuable and we thank you greatly for 

participating in this research. The data from this experiment should be analyzed by July 

31, 1994. The results can be made available to you if you should desire to review them. 

Include your address on a separate piece of paper when you return the data profiles. The 

research team members for this 2xperim :nt are: 

Robert Nerhood, Graduate Student, (703)-23 1-4370 

Prof. Paul Kemmerling, Associate Professor, ISE, (703)-231-5439. 

If you have concerns about the way in which you have been treated or the manner 

in which the experiment is being conducted, and do not wish to express these concerns 

directly to the experimental team you may contact the University's Institutional Review 

Board Chairperson Dr. Emest Stout at (703) 231-9359. 

Again, thank you for your participation. We hope that you will enjoy your 

experience in this experiment. 
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SCORING PROFILES 

Remember scores are in terms of standard deviations (SD). 

99.97 % of the general population is within -3 to +3 SD. 

Score(S.D.) Description 
-3 or above Indicates that little or no modification is necessary. 
-5 or below Makes it very difficult for an individual to perform even 

at a minimal level without major modifications specific to 
a particular person-job combination. 
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SUMMARY OF SUBTESTS USED ON AMI 

Note: All tests are performed with both right and left hands. 

Switches: Five test modules testing these interfaces for number of correct actuations in 

a recorded time. Test in various positions on AMI frame. 

Push Button - activate nine of 27, 3/4" square buttons. 
Toggle - activate 18 three position toggle switches using up or down motion. 

Rotary - activate 10 rotary knobs. Turn to a specific settings at 36° intervals. No 
detent. 

Detent - activate 10 rotary knobs. Turn to a specific settings at 36° intervals. 

Detents mark each position. 
Slide - 3 horizontal and 3 vertical linear slide switches--settings at 1/2" intervals 

Settings: Three test modules testing ability to record a randomly chosen setting on a 
circular scale with values at 2° intervals with one of three interfaces. Data 

recorded in time to complete. Test in various positions on AMI frame. 

Hand Knob - 2.5" scalloped hand knob to control setting. 

Balanced Crank-1.5" radius crank to control setting. 
Crank - 3.5" radius crank to control setting. 

Rates: Three test modules testing speed at which the client can turn cranks in clockwise 

and counter-clockwise motions. Number of revolutions in a 10 second trial is 
recorded. Test in various positions on AMI frame. 

Hand Knob ~~ - 2.5" scalloped hand knob to control setting. 

Balanced Crank-1.5" radius crank to control setting. 
Crank - 3.5" radius crank to control setting. 

Strength: Strength data is collected by the following methods. Data recorded in foot 
pounds. Pinch and grip strength are recorded with hand dynamometers. 
Remaining values are tested on AMI frame. 

Pinch - record pinch strength using pinch dynamometer. 

Grip - record grip strength using hand dynamometer. 

Torque - test torque in pronation and supination positions in the frontal plane. 

Force - test force generated in the up, down, left, and right directions in the 
frontal plane. 

Force - test force generated in push and pull in the transverse plane. 
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Assembly: Test light manufacturing and assembly skills in a work bench mock-up. Data 

gathered are number of correct performances and time to perform. 

Plates - place 10 - 4" square plates with holes at corners over 4 1/4" bolts on base 

of work station. 
Spacers - place 10 - 1" by 1/2" diameter spacers over 10 - 1/2" by 1/4" diameter 

bolts on base of work station. 

Washers - place 10 - 3/4" dia washers 1/4" over diameter bolts on base of work 

station. 
Lock Washers - place 10 - 3/8" dia lock washers over 1/4" diameter bolts on base of work 

station. 

Grommets _ - place 10 - 3/8" dia rubber grommets over 1/4" diameter bolts on base of 
work station. 

Nuts - place 10 - 1/4" dia nuts started onto 1/4" diameter bolts on base of work 

Station. 

Bolts - place 10 - 1-1/2" by 1/4" bolts into 1/4" nuts on base of work station. 
Positioning  - place 10 - 3" by 3/4" strips with a hole in each end over holes in the work 

station and sheet metal screws are inserted. 
Drill - a simulated pneumatic drill is moved and placed in 25 predetermined 

positions. 

Reach/Reaction: Test reaction time to auditory and visual stimuli. Data gathered are 

time to reaction and response. 

Lateral Reach - time required to move hand from a point in front of body 12" to the side. 
Transverse Reach - time required to move hand from a point in front of body 12" toa 

more distant point in front. 

Lateral Move - time required to move hand from a point 12" to the side directly in front 
of body. 

Transverse Move - time required to move hand from a distant point in front of the body 
12" to a point in front of the body. 

Reaction Time - time required to respond to an auditory stimuli. 
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JOB PROFILES 

A = No placement possible, or placement not feasible. Employment for the client is 

considered not feasible. 

B = Loading and operating a punch press. In this job the person will perform the 
following task. An automatic feed system will provide the worker with leather 
blanks which are to be made into key chains. The worker is required to load the 
blanks into a punch press. Once the press is loaded and the task can be safely 
performed, the worker will activate the press. The press will then stamp the 

Virginia Tech logo onto the blank. The worker will remove the blank and put it in 
a bin to be taken to a further process. 

C = Bench top manufacturing of a vice grip head. This task is a bench fabrication task 
where the worker will de building vice grip heads. The component consists of four 
parts: a brace, two screws, two washers, and a jaw. These parts are stored in bins 

around the work site. The worker connects the brace to the jaw using the screws 
and washers. Upon completion of the task the part is dropped into a gravity bin 

for removal. 

D = Employment as a pizza chef in a restaurant. In this job the worker is a pizza 

maker in a small restaurant. The tasks of making the pizza include: recognizing 

the order, retrieving the dough, making the crust, topping the pizza, loading the 
pizza into the oven, monitoring the baking process, and removing the pizza. The 
dough and topping cheese are stored in a refrigerated bin under the work station. 

The toppings are stored in table top bins on the work station. The oven is six feet 
to the night of the workstation. 
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TASK: Qperation of punch press 

SCALE: 1 square = 2" by 2" 

SHEET: 1! OF 2 

  
  

Subordinate Hand SYMBOLS Dominant Hand 
  

1. Idle 1. Retrieve leather blank from bin 

Reach to bin 

Grasp blank 
Move blank 

  

2. Load blank onto punch press 
Move to press 

Position blank on press 
Release blank 

  

3. Tighten restraining screw on press 
Reach for screw 

Grasp screw 
Move screw 

Release screw 
  

    S
E
V
 
E
P
 

\
R
Z
a
w
 

[B
vt
 

le
an

 

  
4. Actuate punch press 

Reach for operation button 
Select safety cover 
Move safety cover 

Select “activate” button 
Move activate button 

Release button 
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Z
Z
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5. Release restraining screw on press 
Reach for screw 

Grasp screw 
Move screw 

Release screw 
  

    Z
a
n
 

  
6. Remove leather blank from press 

Reach to press 

Grasp blank 

Move blank 

Release blank in removal bin 
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TASK: Bench top assembly of vice grip head 

SCALE: 1 square equals 2” x 2" 

SHEET: 1 OF 2 

    

  

LEFT HAND SYMBOLS RIGHT HAND 
  

1. Pick up vise brace 

Reach for brace 

Grasp brace 

Move brace 

=< 
O
F
 

L
a
F
 

1. Get Jaw of vice 
Reach for jaw 

Grasp jaw 
Move jaw 

  

2. Assemble brace on jaw 2. Place jaw in fixture 

  

Move brace over jaw Move jaw to fixture 

Position brace on jaw Position jaw in fixture 
Release brace Release jaw 

3. Pick up and assemble washer & screw 3. Pick up and assemble washer & screw 
Reach for washer Reach for washer 
Grasp washer 
Move washer to brace 

Position washer 

Release washer 

Reach for screw 

Grasp screw 

Move screw to washer 

Position screw in washer V
E
Z
O
R
F
 
A
V
E
O
 

|
Z
 
V
E
 

V
Z
A
G
R
V
™
Z
O
F
 

[
A
E
 

Grasp washer 
Move washer to brace 

Position washer 

Release washer 

Reach for screw 

Grasp screw 

Move screw to washer 

Position screw in washer 
    4. Start screw 

Move screw 

Release screw   a
s
 4   4. Start screw 

Move screw 

Release screw 
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5. Get driver and drive screw 

Reach for driver 

Grasp driver 
Move driver 

Position screw driver 

Drive Screw 

Release driver   Z
a
v
z
e
g
 
a
g
 

Z
P
a
A
™
Z
 
O
P
 

  

5. Get driver and drive screw 

Reach for driver 

Grasp driver 
Move driver 

Position screw driver 

Drive Screw 

Release driver 
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TASK: Making a pizza 
  

SCALE: | square equals 2" x_2" 
SHFFT: 1 OF 3 

RCFUCERATG 
> LOcATED 
ONDE 

Counter ATA 
LOGE oF 

Coon TE   
  

  

  

      

LEFT HAND SYMBOLS RIGHT HAND 

1. Open storage for crust 1. Get Pizza crust 

Reach for refrigerator door Re 

Grasp handle G 

Move door M 

Hold door open H R Reach for crust 
G Grasp crust 

M Move crust to counter 

Move door M 
Release handle RI 

2. Make pizza crust 2. Make pizza crust 

Knead dough M M Knead dough 
Flatten dough into pie shape A A Flatten dough into pie shape 
Position pie on cooking sheet P P Position pie on cooking sheet 
Release pie Ri RI Release pie 
  

153 

 



  

3. Open lid to pizza sauce 3. Put pizza sauce on crust 

  

  

  

  

Reach for lid R 

Grasp handle G 

Move lid open position M 
Hold position H 

R Reach for ladle 

G Grasp ladle 

M Move ladle to crust 

P Position ladle over crust 

M Move ladle spreading sauce 
M Move ladle to bin 

RI Release ladle 

Move lid closed position M 
Release handle Rl 

4. Put toppings on pizza 4. Put toppings on pizza 
Reach for toppings R R Reach for toppings 

Grasp toppings G G Grasp toppings 

Move toppings M M Move toppings 

Position toppings P P Position toppings 

Release toppings Ri RI Release toppings 

5. Open storage for cheese 1. Get Pizza cheese 

Reach for refrigerator door Re 
Grasp handle G 

Move door M 

Hold door open H R Reach for cheese 

G Grasp cheese 

M Move cheese to pizza 
Move door M P Position cheese 

Release handle Ri RI Release cheese 

6. Open over door 6. Put pizza in oven 
R Reach for pizza 

G Grasp pizza 

M Move to oven 

Reach for oven R 
Grasp handle G 

Move door M 

Hold door open H 

P Position pizza in oven 
Ri Release pizza 

Move door M 

Release handle RI     
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7. Open oven door to check on pizza 7. Turn pizza in oven 

  

    

Move to oven M 

Reach for oven R 
Grasp handle G 

Move door M 

Hold door open H 
R Reach for pizza 

G Grasp pizza 
P Position pizza in oven 

RI Release pizza 
Move door M 
Release handle Rl 

8. Open oven door to remove pizza 8. Remove pizza from oven 

Move to oven M 

Reach for oven R 

Grasp handle G 

Move door M 
Hold door open H 

R Reach for pizza 
G Grasp pizza 
M Move pizza from oven 

RI Release pizza 
Move door M 

Release handle Rl 
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ANALYSIS SHEET 

Part 1. Based on the data profile and your knowledge please describe the characteristics of 
this client's impairment. Be sure to include what you consider to be the range of motion 
and general physical limitations. You are not limited to the space provided, if you need 
more please use the back of this sheet or additional paper. 

  

  

  

  

  

  

  

  

  

  

  

Part 2. Please circle the job in which you feel this client could be placed easiest 
without any adaptation to the work site. 

A = No placement possible, or placement not feasible. 

B = Loading and operating a punch press. 

C = Bench top manufacturing of a vice grip head. 

D = Employment as a pizza chef in a restaurant. 

Part 3. Please provide any comments or suggestions concerning this data profile. You are 
not limited to the space provided, if you need more please use the back of this sheet or 
additional paper. 
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RANDOMLY CHOSEN EXAMPLE OF A DATA PROFILE 

Each subject would have received 12 data profiles. Six generated using the old algorithms 
and six using the new system. Four examples of each disability level would also have been 
included. Two of the four analyzed using the old system with the other two using the new 
system. 
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(SWITCHES) 
CLH SLIDE 
CLH ROTARY 
CLH DETENT 
CLH TOGGLE 
CLH PUSH BUTTON 
SLH SLIDE 
SLH PUSH BUTTON 
CLV SLIDE 
CLV ROTARY 
CLV DETENT 
CLV TOGGLE 
CLV PUSH BUTTON 
CUV SLIDE 
CUV ROTARY 
CUV DETENT 

CUV TOGGLE 
CUV PUSH PUTTON 
SUV ROTARY 
SUV DETENT 
SUV TOGGLE 

(SETTINGS) 

CLH CRANK 
CLH BAL CRANK 

CLH HAND KNOB 
SLH BAL CRANK 

SLH HAND KNOB 
CLV CRANK 
CLV BAL CRANK 

CLV HAND KNOB 
CUV CRANK 
CUV BAL CRANK 
CUV HAND KNOB 
SUV CRANK 
SUV HAND KNOB 

LEFT HAND 
MEAN 

31.25 
27.78 
34.72 
86.67 

125.c0 
40.00 
93.75 
35.71 
34.72 
42.74 
67.71 

115.38 
47.62 
34.01 
42.74 
80.25 

125.00 
C.N.R. 
C.N.R. 
C.N.R. 

17.55 
28.77 

35.80 

C.N.R. 

C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 

C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 

Summary.Scores 

Z-SCORE 

-1.29 
-2.14 
-1.46 
-0.80 
-0.09 
-0.97 
-0.95 

-1.32 
-1.92 
-1.02 
-2.43 
-0.07 

-0.86 
-2.11 
-1.06 
-1.72 
-0.23 
0.00 
0.00 
0.00 

-1.46 
-0.21 
0.18 

0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

STANDARD 

Page 1 

49.476 

43.283 
43.969 

104.253 
127.596 
57.701 

116.329 

58.256 
51.584 
51.585 

112.359 
116.974 
64.788 
52.072 
31.605 

115.011 
131.629 
53.886 

53.173 
119.232 

33.839 
30.967 

34.191 
30.855 

36.255 
33.861 

33.009 
37.824 

35.423 

31.625 
39.880 
33.855 
39.853 

RIGHT HAND 
MEAN 

33.33 
32.68 
35.46 
86.67 

136.36 
35.71 

115.38 

43.48 

32.68 
43.86 

108.33 
71.43 

37.04 
34.01 
45.05 

94.20 
125.00 
C.N.R. 
C.N.R. 
C.N.R. 

31.64 
18.16 

46.83 
C.N.R. 

C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 

C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 

Z-SCORE 

“1.15 
-1.46 
-1.35 
-0.80 
0.32 
-1.20 
-0.04 

-0.86 
-2.15 
-0.89 
-0.22 
-2.00 
-1.39 
-2.11 
-2.78 

-1.03 
-0.23 
0.00 

0.00 
0.00 

-0.20 
-1.23 

1.40 

0.00 

0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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(RATES) 
CLH CRANK 
CLH BAL CRANK 
CLH HAND KNOB 
SLH BAL CRANK 
SLH HAND KNOB 
CLV CRANK 
CLV BAL CRANK 
CLV HAND KNOB 
CUV CRANK 
CUV BAL CRANK 
CUV HAND KNOB 
SUV CRANK 
SUV HAND KNOB 
FOOT SWITCH 

(STRENGTH) 
PINCH 
GRIP 
ATQ SUPINATION 
ATQ PRONATION 
AFV UP 
AFV DOWN 
AFL LATERAL 

AFL MEDIAL 
AFL PUSH 

AFL PULL 

(ASSEMBLY) 
PLATES 
SPACERS 
FLAT WASHERS 

LOCK WASHERS 

HEX NUTS 

GROMMETS 
POSITIONING 

BOLTS 
DRILL 

(REACTION) 
LATERAL R 
TRANSVERSE R 
LATERAL M 
TRANSVERSE M 
REACTION TIME 

LEFT HAND 
MEAN 

87.00 
129.00 

45.00 
C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 

14.00 
62.00 

182.38 
414.19 

98.34 
75.32 

94.36 
76.74 

150.91 
98.62 

27.78 
34.01 
28.74 

27.78 
12.25 

24.15 
7.97 

11.57 
49.60 

218.18 
121.21 

169.01 
150.00 
196.72 

Summary.Scores 

Z-SCORE 

-2.30 
-1.76 
-1.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

-1.27 
-0.67 
0.92 
4.89 

4.00 
2.25 
3.29 

2.03 
4.55 
1.46 

0.23 
-0.85 
-1.70 

-0.25 
-2.05 

-1.39 
0.00 

-1.96 
-1.57 

-0.40 
-1.01 

-0.78 
-0.75 
0.95 

STANDARD 
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177.080 
198.440 

68.420 
200.540 
71.460 

208.010 
206.320 
75.220 

186.600 
200.590 
69.960 

192.970 

84.400 
214.636 

22.245 
78.707 

125.863 
132.438 

38.360 
42.796 
37.317 

40.306 
50.963 
60.328 

26.443 
37.951 
37.508 

28.775 
20.593 

30.308 
7.971 

20.283 
68.495 

268.664 
220.292 

258.338 
260.113 
150.614 

RIGHT HAND 
MEAN 

99.00 
117.00 
42.00 

C.N.R. 
C.N.R. 

C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 
C.N.R. 

C.N.R. 

14.20 
54.00 

194.31 
296.58 
160.86 
96.06 
83.56 

51.44 
105.44 
152.05 

26.88 
34.01 
28.74 
17.09 
18.12 

20.58 
7.65 

12.25 
23.81 

144.58 
173.91 
226.42 
173.91 
200.00 

Z-SCORE 

-1.99 
-2.07 

-1.14 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

-1.24 
-1.00 
1.12 
2.85 
8.17 
3.68 
2.67 

0.62 
2.48 
3.49 

0.07 
-0.85 
-1.70 

-2.98 
-0.61 

-2.20 
-0.29 

-1.84 
-3.72 

-0.99 
-0.47 

-0.28 
-0.59 
1.02 
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CLH SLIDE 
SLH SLIDE 

CLV SLIDE 
CUV SLIDE 

CLH ROTARY 
CLV ROTARY 
CUV ROTARY 
SUV ROTARY 

CLH DETENT 
CLV DETENT 
CUV DETENT 
SUV DETENT 

CLH TOGGLE 
CLV TOGGLE 

CUV TOGGLE 

SUV TOGGLE 

CLH PUSH BUTTON 
SLH PUSH BUTTON 

CLV PUSH BUTTON 
CUV PUSH BUTTON 

MEAN POSITION 

SCORES 
CLH 

SLH 
CLV 

CUV 
SUV 

MEAN SUBJECT 

SCORES 
SLIDE 

ROTARY 
DETENT 
TOGGLE 

PUSH PUTTON 

LEFT HAND 
MEAN 
31.25 
40.00 
35.71 
47.62 

27.78 
34.72 
34.01 

C.N.R. 

34.72 
42.74 
42.74 

C.N.R. 

86.67 
67.71 

80.25 

C.N.R. 

125.00 
93.75 

115.38 
125.00 

38.65 
24.13 
30.05 
58.66 

114.78 

Summary.Scores 

Z-SCORE 
-1.29 
-0.97 

-1.32 
-0.86 

-2.14 
-1.92 

-2.11 
0.00 

-1.46 
-1.02 
-1.06 
0.60 

-0.80 
-2.43 
-1.72 

0.00 

-0.09 
-0.95 
-0.07 
-0.23 

-1.16 

-0.96 
-1.35 
-1.20 

0.00 

-1.11 
-1.54 
-0.88 
-1.24 

-0.34 

SWITCHES 

STANDARD 

Page 3 

49.476 

57.701 
58.256 
64.788 

43.283 
51.584 
52.072 
53.886 

43.969 

91.585 
51.605 
53.173 

104.253 
112.359 
115.011 

119.232 

127.596 
116.329 

116.974 
131.629 

RIGHT HAND 
MEAN 
33.33 
35.71 

43.48 
37.04 

32.68 
32.68 
34.01 

C.N.R. 

35.46 
43.86 
45.05 

C.N.R. 

86.67 
108.33 

94.20 
C.N.R. 

136.36 
115.38 
71.43 

125.00 

37.39 

24.84 
31.09 
72.30 

112.04 

Z-SCORE 
1.15 
-1.20 

-0.86 
-1.39 

-1.46 

-2.15 
-2.11 
0.00 

-1.35 
-0.89 
-0.78 
0.00 

-0.80 
-0.22 
-1.03 

0.00 

0.32 
-0.04 

-2.00 
-0.23 

-0.89 

-0.62 
-1.22 
-1.11 
0.00 

-1.15 
-1.43 

-0.75 
-0.51 
-0.49 
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Summary.Scores 

SETTINGS 
LEFT HAND RIGHT HAND 

MEAN Z-SCORE STANDARD MEAN Z-SCORE 
CLH SLIDE 31.25 -1.29 49.476 33.33 “1.15 
SLH SLIDE 40.00 -0.97 57.701 35.71 -1.20 
CLV SLIDE 35.71 -1.32 58.256 43.48 -0.86 
CUV SLIDE 47.62 -0.86 64.788 37.04 -1.39 

CLH ROTARY 27.78 -2.14 43.283 32.68 -1.46 
CLV ROTARY 34.72 -1.92 51.584 32.68 -2.15 
CUV ROTARY 34.01 -2.11 52.072 34.01 -2.11 
SUV ROTARY C.N.R. 0.00 53.886 C.N.R. 0.00 

CLH CRANK 17.55 -1.46 33.839 31.64 -0.20 
CLV CRANK C.N.R. 0.00 33.861 C.N.R. 0.00 
CUV CRANK C.N.R. 0.00 35.423 C.N.R. 0.00 
SUV CRANK C.N.R. 0.00 33.855 C.N.R. 0.00 

CLH BAL CRANK 28.77 -0.21 30.967 18.16 -1.23 
SLH BAL CRANK C.N.R. 0.00 30.855 C.N.R. 0.00 
CLV BAL CRANK C.N.R. 0.00 33.009 C.N.R. 0.00 

CUV BAL CRANK C.N.R. 0.00 31.625 C.N.R. 0.00 

CLH HAND KNOB 35.80 0.18 34.191 46.83 1.40 
SLH HAND KNOB C.N.R. 0.00 36.255 C.N.R. 0.00 
CLV HAND KNOB C.N.R. 0.00 37.824 C.N.R. 0.00 
CUV HAND KNOB C.N.R. 0.00 39.880 C.N.R. 0.00 
SUV HAND KNOB C.N.R. 0.00 39.853 C.N.R. 0.00 

MEAN POSITION 
SCORES 

CLH -0.98 -0.53 

SLH -0.32 -0.40 
CLV -0.65 -0.60 

CUV -0.60 -0.70 
SUV 0.00 0.00 

MEAN SUBJECT 
SCORES 

SLIDE 4.39 -1.11 37.39 -1.15 
ROTARY 0.00 -1.54 24.84 -1.43 
CRANK 4.39 -0.37 7.91 -0.05 
BAL CRANK 7.19 -0.05 4.54 -0.31 
HAND KNOB 7.16 0.04 9.37 0.28 
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Summary.Scores 

RATES 
LEFT HAND " RIGHT HAND 

MEAN Z-SCORE STANDARD MEAN Z-SCORE 
CLH CRANK 87.00 -2.30 177.080 99.00 -1.99 
CLV CRANK C.N.R. 0.00 208.010 C.N.R. 0.00 
CUV CRANK C.N.R. 0.00 186.600 C.N.R. 0.00 

SUV CRANK C.N.R. 0.00 192.970 C.N.R. 0.00 

CLH BAL CRANK 129.00 -1.76 198.440 117.00 -2.07 
SLH BAL CRANK C.N.R. 0.00 200.540 C.N.R. 0.00 

CLV BAL CRANK C.N.R. 0.00 206.320 C.N.R. 0.00 
CUV BAL CRANK C.N.R. 0.00 200.590 C.N.R. 0.00 

CLH HAND KNOB 45.00 -1.01 68.420 42.00 -1.14 

SLH HAND KNOB C.N.R. 0.00 71.460 C.N.R. 0.00 
CLV HAND KNOB C.N.R. 0.00 75.220 C.N.R. 0.00 
CUV HAND KNOB C.N.R. 0.00 69.960 C.N.R. 0.00 

SUV HAND KNOB C.N.R. 0.00 84.400 C.N.R. 0.00 

MEAN POSITION 

SCORES 
CLH -1.69 -1.73 
SLH 0.00 0.00 
CLV 0.00 0.00 
CUV 0.00 0.00 
SUV 0.00 0.00 

MEAN SUBJECT 
SCORES 

CRANK 21.75 -0.57 24.75 -0.50 

BAL CRANK 32.25 -0.44 29.25 -0.52 

HAND KNOB 9.00 -0.20 8.40 -0.23 
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MOTION CLASS NUMERICAL SCORES 

MotionClass.Scores 

MOTION CLASS LEFT HAND RIGHT HAND 
(4-1) -0.8681 -1.2181 
(1-2) 0.1143 -0.1093 
(1-R) -1.4980 -1.0995 
(2-1) -0.0429 0.0364 
(2-2) 0.0017 -0.1582 
(2-R) -0.2532 -0.0236 
(2-3) -0.7030 -0.7250 
(3-1) -0.9731 -0.6248 
(3-2) -0.5564 -0.5438 
(3-R) -0.4375 -0.4198 
(3-3) -1.1571 -1.5958 
(4-1) -0.8589 -0.9897 
(4-2) -0.3953 -0.2830 
(4-3) -0.9315 -1.2945 

AVERAGE -0.6114 -0.6463 

MOTION CLASS INTERPRETATION 

FIRST NUM F MOTION C 

1 = fingers/knuckles 

2 = hand/wrist 

3= forearm/elbow 

4 = upper arm/shoulder 

SECOND CHARACTER OF MOTION CLASS 

1 = linear motion 

2 = motion on a plane 

3 = motion in free space 

R = rotary motion 

Page 1 163



QUESTIONNAIRE 

Please circle the answer that represents your opinion the most reasonably. 

1. How would you rate the AMI data profiles in terms of the clarity of the data? 

Vague | 2 3 4 5 6 7 Detailed 

2. How would you rate the AMI as an analytical tool? 

Poor 1 2 3 4 5 6 7 Excellent 

3. How would you rate the amount of detail provided in the data profiles to place the 
individual? 

Insufficient 1 2 3 4 7 Sufficient A
 

On
 

4. Did the directions provide the necessary detail for you to complete the task? 

Yes No 

5. Were you comfortable with the job profiles? 

Yes No 

6. How would you rate the clarity of the task description? 

Vague | 2 3 4 5 6 7 Detailed 

7. How would you rate the range of performance offered by the job options? 

Inadequate 1 2 3 4 5 6 7 Adequate 

8. How would you rate the difficulty to place the client's within the prescribed jobs? 

Difficult 1 2 3 4 5 6 7 Easy 

9. Would you incorporate the AMI into your present evaluation system if it was made 
available to you? 

Yes No 
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10. Please write any comments or suggestions which you might have. 
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CONTACTS 

If you have any question while you are performing your tasks you may contact one of the 
following individuals at any time. We will try to get back to you as soon as possible. The 
longest delay will be 24 hours. 

Robert (Rob) Nerhood, Primary Investigator 

Phone: Office (703) 231-4370 
Home (404) 667-3268 

Please try me at the office and if I am unavailable please leave a message on the 

voice mail and I wiil get back to you as soon as possible. 

Prof. Paul Kemmerling, Faculty Advisor 
Phone: Office (703) 231-5439 

Additionally, if you would like a copy of the results and discussion from this research 

please fill out and return the bottom portion of this page. 

Name: 
  

Street: 
  

  

City: 

State/Zip 
  

I will get you results as soon as I possibly can. Thanks again for you participation. 
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APPENDIX H 
Orientation Procedure Script 
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1. 

PROCEDURE SCRIPT 

The experimenter (E) will arrive at the site at the convenience of the participants. 

Upon arrival, the location of the training session will be reviewed. The VCR and various 

components, paperwork will be set up and organized. 

2. The experimenter will greet the group, introducing himself and explaining that the 

research is being performed under the auspices of the VEAC and for the completion of 

requirements in the attempt to receive his Master's Degree. This section does not require 

a precise script due to its informality and lack of impact on the subjects. 

3. The purpose of the research will then be explained. 

(Experimenter) 

The purpose of the study in which you are about to participate is to 

validate a new quantitative scoring system which I have designed. This system 

compliments the Available Motions Inventory, which will be referred to as the 

AMI. The AMI is a quantitative assessment device developed by Wichita State 

University and the Cerebral Palsy Foundation(CPR) of Kansas, Inc. The purpose 

of the AMI is to evaluate the residual capabilities of a disabled individual and to 

determine if the level of the capabilities is such that the individual could be 

placed in a working environment. 

You will be asked to evaluate 12 AMI client data profiles and place the 

client into a job option. The job options have been pre-determined by myself and 

all you have to do is place the client. I would like to stress two points at this time. 

One is that you will be asked to consider each job as being non-adaptable. 
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Second, there are no right or wrong answers. The entire process should be based 

on the data profiles and your expert opinions. 

At this time I would like to hand out a set of written instructions and 

description of the AMI. Please take a few minutes to look these over. 

Hand out instruction set. 

(E) 

Now that you have looked over the instructions do you have any initial 

questions? (ANSWER ANY QUESTIONS) Would any of you like to withdraw 

from participation at this time? (IF YES COLLECT INSTRUCTIONS AND 

THANK INDIVIDUALS FOR THEIR TIME) 

Load video. 

(E) 

At this time I would like to show you a short video on the AMI. This video 

is the training video used to familiarized individuals with the system. If you need 

to ask any questions please feel free to interject at any time. 

Show video. 

(E) Discuss scoring methods. 

Are there any questions concerning the delivery of the AMI assessment? 

(ANSWER QUESTIONS) At this point in time I would like to go over the method 

by which the AMI data is delivered. The AMI gives the following forms of data, 

the raw scores, ability scores, and motion class scores. The raw scores represent 

the client's performance scores on the various sub-tests. The ability scores are 
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the client's scores for the various interfaces and task such as operating a switch. 

The motion class score represent the client movement and motion abilities across 

14 different combinations. Motion can be classified along a continuum from fine 

to gross. The fine motions usually deal with the fingers while gross motion 

involves the whole body or torso. A finger is considered first order, hand is 

second order, forearm is third, and arm is fourth. 

The second classification which can be used to define motion concerns the 

quality of control required to perform the motion. This system is based on the 

degrees of freedom of the motion and how complex these degrees must be in 

order to accomplish a given task. For example throwing a light switch requires a 

single degree of freedom, linear motion. Moving a mouse on a flat surface 

requires motion in the x and y directions; thus it consists of two degrees of 

freedom. Also considered by the AMI are motion in space and rotary motion. 

((QUESTIONS)) 

The data utilized in the AMI is scored in terms of a standard mean, 

standard deviation, and z-score. The data generated from the subject are then 

entered into an analysis system which provides ability and motion class scores. 

The subject's scores are compared to a mean developed at the CPR based on a 

normal population. Scores are measured in terms of standard deviations (SD) 

from the mean. If you will consider the fact that 99.97 % of the general 

population for characteristics, such as height, weight, or reaction time, are 

enclosed within the range of -3 to +3 standard deviations. Using this scoring 

system, a Score of zero SD or higher represents an above average score or a score 

which is higher than 50 percent of the population. Dr. Malzahn (1982) has found 

in his work with the AMI that the following scoring paradigm exists. 
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“In general, experience has shown that an index below -5 makes it very difficult 

Jor an individual to perform even at a minimal level without major modifications 

specific to a particular person-job combination. An index above -3 indicates that 

little or no modification is necessary if the client can achieve the tasks." 

((OPEN FOR QUESTIONS AND DISCUSSION)) 

(E) Discuss task required of SME 

The task you will be asked to perform will consist of analyzing a data 

profile then answering two questions concerning the client profiled. First, you 

will be asked to define, to the best of your abilities, the capabilities and 

disabilities of the client for characteristics such as range of motion and physical 

limitations based on the data profile. Then, you must determine in which job 

category you would place the client based on his/her scores and your expertise. 

There are four possible tasks in which the client can be placed. 

A = No placement possible, or placement not feasible. 
B = Loading and operating a punch press. 

C = Bench top manufacturing of a vice grip head. 
D = Employment as a pizza chef in a restaurant. 

Finally, if you have any comments concerning the client please feel free to make 

them in the space available. Please remember that there is no right or wrong 

answer. All answers need to be based on your expert knowledge and opinion as 

to the placement of the client into a task. 

On the data profiles you will find the following codes. 
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C.N.R. stands for could not reach. This is the case where the client was 

unable to perform the task required due to a limitation such as being unable to 

reach the test location. 

C.N.P. stands for could not perform. In this case the subject could reach 

the test area; however, the client was unable to perform the task at the test 

location. 

10. (E) Example 

The group will work through an example data profile. Ability and motion class 

scores will be pointed out. In addition, layout and other issues can be addressed. 

((QUESTIONS)) 

11. Distribute experimental packets. Check to be sure everyone has all materials. 

(E) 

Please open your experimental packets. I'd like to do a last minute check 

to be sure each packet is complete. Do you each have the following materials: 

Written Instructions 

______. A Scoring Profile Descriptor 

_______-~-A Summary Description of the Subtests 

_______ Four Job Profiles w/ Charts (no chart for job 1 not feasible) 

_______._-« 12 Data Profiles 

______s« 2: Analysis Sheets 

______sC«Exit Questionnaire 

_______Experimenter Contact Sheet 

_____ Return Envelope 
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When you have completed the data profiles could you please answer the 

enclosed follow up questionnaire. If possible could you return the materials to 

me by Friday, June 17. Any final questions? 

((QUESTIONS)) 

13. Thank for time and participation. 

173



VITA 

Robert C. Nerhood II was born in Morgantown, West Virginia on April 5, 1969 to 

Bob and Jo Nerhood. He graduated high school in 1987 as a Consolidated Natural Gas 

Transmission Corporation Scholarship recipient. He then attended Virginia Tech were he 

earned his B.S. degree in Industrial and Systems Engineering in December 1991. He 

entered the Human Factors program at Virginia Tech in the Fall of 1991 and was accepted 

full time that spring. During his years in the Masters program he has been a research 

assistant in the Virginia Engineering Assessment Center, and in the summer of 1993 

volunteered as a Rehabilitation Engineer with the Woodrow Wilson Rehabilitation Center 

in Fishersville, Virginia. His major areas of interest are: engineering assessment, 

workplace adaptation, industrial ergonomics, and systems design. He is an active member 

of the Human Factors and Ergonomics Society, and Alpha Pi Mu Industrial Engineering 

AL} 
Honor Society. 

  
174


